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PREPARING CATALYST FOR OLEFIN POLYMERIZATION

This invention relates to chromium catalysts
or cocatalysts to trimerize, oligomerize and/or
polymerize olefins. This invention also relates to a
process to trimerize, oligomerize and/or polymerize
v S oleflns. ' .
’ Supported chromium. oxide catalysts have been
a dominant factor in the production of olefin polymers,
such as polyethylene or copolymers of ethylene and
hexene. These catalysts can be used in a variety of
10 polymerization processes. However, most known chromium
compounds must be supported to be catalytically active.
Furthermore, most supported chromium compounds are’
useful only for olefin polymerization. If an olefin
copolymer is desired, the polymerization process
15 becomes more complex in that two different monomers
must be fed to the polymerization reactor.
Olefin trimerization and oligomerization
qB catalysts are also known in the art, but usually lack
selectivity to a desired product and also have a low
20 product yield. However, olefin trimerization and/or
oligomerization, if done efficiently, is a process to
provide useful olefins. These olefinic products can be
further trimerized, oligomerized and/or, optionally,
incorporaﬁed into a polymerization process.
25 In EP-A-416 304 there is.described a chromium—

containing compound having the formula:
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 Crg(CHN) o (CHO) i [Cr(CHN),][Nal, 2(0CH,) ;
[Cr(CHN);(OCH;) ] [Na], 4 (OCHy) i or
Cr (NC.H,),C1(0,C,H, (CHy) ,) sNa. ,

In accordance with an aspect of the above
application, such novel chromium-containing compounds
are prepared from a reaction mixture comprising a
chromium salt, a metal amide, and any electron pair
donor solvent, such as, for example, an ether. The
catalyst systems can be used, either supported or
unsupported, to trimerize and/or polymerize olefins.

The chromium salt can be one or more organic
or inorganic chromium salts, wherein the chromium
oxidation state is from 0 to 6. As used in this
disclosure, chromium metal is included in this
definition of a chromium salt. Generally, the chromium
salt will have a formula of CcrX,, wherein X can be the
same or different and can be any organic or inorganic
radical, and n is an integer from 1 to 6. Exemplary
organic radicals can ﬁave from about 1 to about 20

carbon atoms per radical, and are selected from the

group consisting of alkyl, alkoxy, ester, ketone,
and/or amido radicals. The organic radicals can be
straight-chained or branched, cyclic or acyclic,
aromatic or aliphatic, and can be made of mixed
aliphatic, aromatic, and/or cycloaliphatic groups.
Exemplary inorganic radicals include, but are not
limited to halides, sulfates, and/or oxides.
Preferably, the chromium salt is a halide,
such as, for example chromous fluoride, chromic '
fluoride, chromous chloride; chromic chloride, chromous
bromide, chromic bromide, chromous iodide, chromic
iodide, and mixtures thereof. Most preferably, the
chromium salt is a chloride, such as, for example
chromous chloride and/or chromic chloride, due to:
simple separation of the reaction by-products such as,

for example, sodium chloride, as well as relatively low
cost. '
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The metal amide can be any metal amide that
will react with a chromium salt to form a chromium-
amido complex. Broadly, the metal amide can be any
heteroleptic or homoleptic metal complex or salt,
wherein the amide radical can béwany nitrogen-
containing organic radical. The ‘metal amide can be
either affirmatively added to the réaction, or
generated in-situ. Generally, the metal amide will
have from about 1 to about 20 carbon atoms.

Exemplary preferred metal amides include, but
are not limited to, lithium dimethylamide, lithium
diethylamide, lithium diisopropylamide, lithium
dicyclohexylamide, sodium bis(trimethylsilyl)amide,
sodium indolide, alkali metal and alkaline earth metal
pyrrolides, and mixtures of two or more thereof. Most
preferred are the above metal pyrrolides such as lith-
ium pyrrolide, sodium pyrrolidé; potassium pyrrolide,
and cesium pyrrolide, because of high reactivity and
activity with the other reactants. Examples of substi-
tuted pyrrolides include, but are not limited to sodium
2,5-dimethyl pyrrolide and/or 3,4-dimethyl pyrrolide.
When the metal amide is a pyrrolide ligand, the
resultant chromium compound is a chromium pyrrolide.

In accordance with a first aspect of the

" present invention pyrrole itself (hydrogen pyrrolide)

or a substituted pyrrole is regpgnized as a suitable
pyrrolide. Pyrrole is a preferfed hydrogen pyrrolide.
Substltuted pyrroles are 111ustrated below.

The ether in the reaction mixture can be one
or more ether compounds to effggt a reaction between
the chromium salt and the metéilamide. While not
wishing to be bound by theory}fit is believed that the
ether can be a reaction solveﬁﬁi,as well as a possible
reactant. The ether can be aﬁffaliphatic and/or
aromatic compound containing an R-O-R functionality,
wherein the R groups can be the same or different, but
preferably is not hydrogen. Preferred ‘ethers are
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aliphatic ethers, for safety reasons in that aromatic
ethers are human toxins. Furthermore, the preferred
ethers are those which facilitate a reaction between a
chromium halide and a Group IA or Group IIA metal
pyrrolide, and also can bpe easily, removed from the
reaction mixture. Exemplary comﬁbunds include, but are
not limited to, tetrahydrofuran, dioxane, diethyiether,
dimethoxyethane (glyme), diglyme, triglyme, and
mixtures of two or more thereof. Most preferably, the
ether is selected from the group consisting of

-tetrahydrofurah, derivatives of tetrahydrofuran,

dimethoxyethane, derivatives of dimethoxyethane, and
mixtures thereof, for the reasons given'above, as well
as the reason that the preferred salt of an amine is
soluble in these ethers.

The three reactants can be combined in any
manner under conditions suitable to form a solution
comprising one or more of the inventive chromium
compounds. The reaction preferably occurs in the
absence of oxygen and moisture and therefore under an
inert atmosphere, such as, for example nitrogen and/or
argon. The reaction pressure can be any pressure
sufficient to maintain the reactants in a liquid state.
Generally, pressure within the range of from about
atmosphéric pressure to about three atmospheres are
acceptable. For ease of operation atmospheric pressure
is generally employed.

The precipitated inventive chromium compounds
can be recovered by any method known in the art. The
simplest procedure to remove the precipitated chromium
compounds is by filtration. .

In accordance with a second aspect of the
present invention, the metal pyrrolides useful as
éatalysts or cocatalysts can also be prepared from
salts of metals other than chromium. Exemplary metals
include nickel, cobalt, iron, molybdenum, and copper.
As with the chromium salt, the metal oxidation state of
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the metal can be any oxidation staté, including the
elemental, or metallic, state. These novel metal
pyrrolides can be prepared in a manner similar to the
previously described chromium pYrrolides.

’ The chromium or other metal compounds
prepared by the above process can be used, either as a
supported and/or unsupported catalyst system, for
olefin trimerization, oligomerization and/or
polymerization. A supported chromium catalyst system
can be prepared with any support useful to support a
chromium catalyst. Exemplary catalyst supports
include, but are not limited to, zeolites, inorganic
oxides, either alone or in combination, phosphated
inorganic oxides, and mixtures thereof. Particularly
preferred are supports selected from the group
consisting of silica, silica-alumina, alumina,
fluorided alumina, silated alumina, thoria,
aluminophosphate, aluminum phosphate, phosphated
silica, phosphated alumina, silica-titania,

~coprecipitated silica/titania, fluorided/silated -~
alumina, and mixtures, thereof, being presently
preferred, as well as any one or more of these supports
which can contain chromium. The presently most
preferred catalyst support, because of the greatest
trimerization activity, is aluminophosphate, as
disclosed in U.S. Patent 4,364,855 (1982).

The amount of chromium pyrrolide compound per
gram of support can be expressed in different, yet
equivalent terms, such as, for example, moles of
chromium per gram of support. Usually, less than about
8.6 x 1073 moles of chromium per gram of support is
sufficient. Preferably, about 1.7 x 107 to about 1.7 x
10 to 8.6 x 10™* moles of chromium per gram of support
are used, for reasons given above. '

After the support is added and thoroughly
combined with the chromium pyrrolide, it can be
collected by filtration, vacuum dried, then an
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activating compound, usually as a solution of one or
more Lewis acids and/or metal alkyls, preferably in
hydrocarbon compound solvent, is added to the
support/chromium pyrrolide mixture. An active,
supported catalyst system then can be collected by
filtration. As used in this dlsclosure, a lewis acid

is defined as any compound that is &n electron

acceptor. Preferably, the activgtiné compound is a -
compound that can be considered both a Lewis acid and a~
metal alkyl. As more broadly déscribed in the present -
application, the activating compound can have any -
number of carbon atoms. However, due to commercial 3
availability and ease of use, the activating compound -
ﬁill usually comprise less than about 70 carbon atoms
per metal alkylzmolecule and préferably less than about
20 carbon atoms per molecule. Preferred activating
compounds which are both a metal alkyl and a Lewis acid
include, but;are not limited to, alkylaluminum
compounds, alkylboron compounds, alkylmagnesium,
alkylzinc, and/or alkyllithium éonpounds. Exemplary
metal alkyls include, but are not limited to, n-
butyllithium,-sfbutyllithium, t-butyllithium,
diethylmagnesium, dibutylmagnesfnm, diethylzinc,
triethylaluminum, trimethylaluminum,
triisobutylaluminum, and mixturés thereof. Most
preferably,factivating compounds are selected from the
group consistiﬁb of non-hydrolyééd, i.e., not pre-
contacted with water, alkylaluminum compounds,
derivatives of alkylaluminum compounds, halogenated
alkylaluminum compounds, and mixtures thereof for
improved product selectivity, aﬁ”well as improved
catalyst system reactivity, activity, and/or
productivity. Exemplary compounds include, but are not
limited to, triethylaluminum, tripropylaluminum,
tributylaluminum, diethylaluminﬁm chloride, _
diethylaluminum bromide, diethylaluminum ethoxide,
ethylaluminum sesquichloride, and mixtures thereof for
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best catalystthStem activity and product selectivity.
The most preférred alkylaluminum compound is
triethylaluminum, for best results in catalyst system
activity and product selectively.

AnY amount of activating compound, such as a
metal alkyl and/or a Lewis acid, 'is sufficient to
activate and/or react with the chromium pyrrolide
catalyst. Uéually about 200 grams of activating
compound, i.e., metal alkyl and/or a Lewis acid, per
gram of chrqmium can be used. Preferably, about 1 to
about 100 gréms of activating compound, such as a metal
alkyl and/orﬂaiLewis acid, per gram of chromium
pyrrolide, and most preferably about 5 to about 30

- grams of activating compound, such as a metal alkyl

and/or a Lewis acid, per gram of chromium pyrrolide are
uséd, for best catalyst activity. However, the amount
of activating compound, such as a metal alkyl and/or a
Lewis acid employed can vary with the catalyst support
used. For example, if the support is silica and/or
alumina, too much activating compound, such as a metal «
alkyl and/or a Lewis acid can decrease catalyst
activity. However, a similar amount of activating
compound, such as a metal alkyl and/or a lLewis acid,
used with an aluminophosphate support does not always
significantly decrease catalyst activity.

As'more broadly deséribed herein, the
hydrocarbon cgmbound used as a solvent can be any
combination_éf-cne or more aromatic or aliphatic
unsaturated hydrocarbon compounds. While not wishing
to be bound by theory, it is believed that an
unsaturated hydrocarbon compoungiacts as more than a
solvent, and can be a reactant ahd/or a stabilizing
component durind and/or subseqﬁent to formation of an
inventive catalyst system. Exehﬁlary unsaturated
hydrocarbon compounds, such as{ifor example, a solvent,
can be any unsaturated hydrocarbon compound that can
dissolve the,dé#ivating compound, i.e., wherein the
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activating compound can be Lewis acid and/or metal
alkyl. In accordance, a third aspect of the present
invention 1n additlon to the aromatic compounds having
from about 6 to abhout 50 carbon atoms per molecule as a
solvent as described in our above;appllcatlon there can
be used unsaturated aliphatic hydrocarbons comprising
less than about 20 carbon atoms per“molecule. Specific
exemplary unsaturated aliphatic compounds include
ethylene, 1l-hexene, 1,3-butadiene, and mixtures
thereof. The_most preferred unsaturated,aliphatic
hydrocarbon compound is ethylene'because of elimination
of catalyststStem preparation steps and ethylene can
be a trimerigation and/or oligomerization reactant.
Specific exemplary unsaturated aromatic hydrocarbon
compounds include, but are not limited to, toluene,
benzene, xyiene, mesitylene, hexamethylbenzene, and
mixtures thereof. As described in our above
appllcatlon, the most preferred ‘unsaturated aromatlc
hydrocarbon compound solvent is toluene, for ease of

removal and minimal interference with the resultant ~

catalyst system.

The unsaturated hydrocarbon compound can be
present either during the indtial contacting of a
chromium pyrrolide and activating compound, i.e., prior
to introduction into a trimerization, oligomerization
and/or polynerization reactor,'or the unsaturated
hydrocarbonhcompound can be intrbduced directly into
the reactor; As stated above, one or more of the
olefin reactants can be considered the unsaturated
hydrocarbon. Preferably, the unsaturated hydrocarbon
is present during the initial contacting of a chromium
pyrrolide and activating compound in order to stabilize
the resultant catalyst system.: In the absence of an
unsaturated hydrocarbon, the resultant catalyst system
can deactivate and lose activitj over a period of time.

While any amount of unsaturated hydrocarbon
compound can be used, too much or too little can

e, 5
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adversely affect catalyst system activity. Therefore,
preferably,'the resultant catalyst system is stripped
of any excess unsaturated aromatic hydrocarboﬁ.
Stripping of excess unsaturated aromatic hydrocarbon
can be accomplished by any method:known in the art,
such as, for example, solvent rem;val methods.-
Exemplary removal methods include, but are not limited
to, filtration, vacuum drying, dryiné under an inert
atmosphere, and combinations thereof. While not
wishing to be bound by theory, it is believed that the
remaining unsaturated hydrocarbon can stabilize the
resultant catalyst system. If no unsaturated
hydrocarbon is present, it is believed that the
catalyst system can lose activity.

An alternative, and then preferred, method in
accordance with the above application to preduce a
supported catalyst system is to combine one or more
solid, inventive chromium pyrrolide compounds with an
unsaturated hydrocarbon solvent, as more broadly
disclosed herein, so as to include, for example, _
toluene and/or ethylene, and an activating compound, as
disclosed earlier, such as a metal alkyl and/or a Lewis
acid, such as, for example, triethylaluminum.

In accordance with a fourth aspect of the
present invention, a catalyst system can be prepared by
combining a metal source, a pyrrole~-containing
compound, and a metal alkyl and, preferably an
unsaturated hydrocarbon compound, in a mutual solvent
without a preliminary reaction step using an electron
donor solvent (for reaction between the metal source
and the pyrrole-containing compound as described
above). The optional unsaturated hydrocarbon, for
example toldene, can serve as the mutual solvent. In
the absence of such an unsaturated hydrocarbon serving
as the mutual solvent, there can be used, for example,
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cyclohexane;ifihese catalyst systems can further
comprise a catalyst support. Preferably the metal
source is a‘cﬁfomium source but can be any of the other
metals as désdribed above.

Thegéhromium source, similar to the earlier
discussed chtdmium salt, can be ohe or more organic or
inorganic ch:émium compounds, wherein the chromium

- oxidation staﬁe is from-0 to 6. As used in this

disclosure, chromium metal is included in this
definition of a chromium salt. Generally, the chromium
source will'have a formula of CrX ,6 wherein X can be the
same or diftexgnt and can be any organic or inorganic

. radical, and n is an integer from 1 to 6. Exemplary

organic radicals can have from about 1 to about 20
carbon atoms per radical, and are selected from the
group consisting of alkyl, alkoxy, ester, ketone,
and/orxr amideiadicals. ‘The organic radicals can be
straight—chaihed or branched, cyclic or acyclic,
aromatic oriaiiphatic, can be made of mixed aliphatic,
aromatic, ang)ar cycloaliphatic groups. Exemplary-
inorganic radicals include, but are not limited to
halides, sulfates, and/or oxides.

Preferably, the chromium source is a
chromium(II):_and/or chromium{III)~-containing compound
which can yiéid a catalyst system with improved
trimerizatiéﬁgactivity. Most preferably, the chromium
source is d{bﬁromium(III) compound because of ease of
use, availabiiity, and enhanced catalyst system
activity. :E#emplary chromium(III) compounds include,
but are not;iimited to, chromium carboxylates, chromium
naphthenaté$; chromium halides,'bhromium pyrrolides,
and/or chromium dionates. Specific exemplary
chromium(III) compounds include, but are not limited
to, chromium(III) 2,2,6,6~tetramethylheptanedionate
[Cr(TMHD),], chromium(III)2-ethylhexanoate [Cr(DH),],
chromium(I;xiﬁaphthenate [Cr(Np)s], chromium(III)

Y
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chloride, chromium (III) tris(2-ethylhexancate),
chromic bromide, chromic chloride, chromic. fluoride,
chromium (III) oxy-2-ethylhexanoate, chromium (III)
dichloroethylhexanocate, chromium (III) acetylacetonate,
chromium (III) acetate, chromium (III) butyrate,

chromium (III) néopentanoate, chfbmium (III) laurate,

chromium (III) stearate, chromium (III) pyrrolide(s),
and/or chromium (III) oxalate. '

Specific exemplary chromium (II) compounds
include, but are not limited to, chromous fluoride,
chromous chloride, chromous bromide, chromous iodide
chromium (II) bis(2-ethylhexanoate), chromium (II)
acetate, chromium (II) butyrate, chromium (II) neopent-
aricate, chromium (II) laurate, chromium (II) stearate,
chromium (II) pyrrolides, and/or chromium (II) oxalate.

The pyrrole-containing compound can be any
pyrrole-containing compound that will react with a-
chromium salt to form a chromium pyrrolide complex. As
used in this disclosure, the term "pyrrole~containing
compound® refers to hydrbgen pyrrolide, i.e., pyrrole,
(CH;N) , derivatives of hydrogen pyrrolide, as well as
metal pyrrolide complexes. A "pyrrolide" (or a
"pyrrole" as referred to in the first aspect of the
invention) can be any compound comprising a S-membered,

_nitrogen-containing heterocycle, such as, for example,

pyrrole, derivatives of pyrrole,:and mixtures thereof.
Broadly, the pyrrole-containing compound can be pyrrole
and/or any heteroleptic or homoleptic metal complex or
salt, containing a pyrrolide radical, or ligand. The
pyrrole-containing compound can be either affirmatively
added to the reaction, or generated in-situ.

Generally, the pyrrole-containing compound will have
from about 1 to about 20 carbon atoms per molecule.
Exemplary pyrrolides (or pyrroleé) include hydrogen
pyrrolide (pyrrole), derivatives of pyrrole,
substituted pyrrolides (or pyrroles), lithium
pyrrolide, sodium pyrrolide, potassium pyrrolide,

TS
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cesium pyrrolide, and/or the salts of substituted
pyrrolides, because of high reactivity and activity
with the other reactants. Examples of substituted

pyrrolides (or pyrroles) include, but are not limited

to pyrrole-2-carboxylic acid, 2-ag¢etylpyrrole, pyrrole-
2~-carboxaldehyde, tetrahydroindofé, 2,5~
dimethylpyrrole, 2,4-dimethyl-3-ethylpyrrole, 3—acety1-
2 4-d1methy1pyrrole, ethyl-2,4-dimethyl-5-
(ethoxycarbonyl)~3-pyrrole-propionate, ethyl-3,5- =
dimethyl-2-pyrrole~carboxylate. When the pyrrole-
containing compound contains chromium, the resultant-
chromium compound can be called a chromium pyrrolidei

The most preferred pyrrole~containing 3
compounds used in a trimerization catalyst system are
selected from the group consisting of hydrogen
pyrrolide, i.e., pyrrole (C,HN) and/or 2,5-dimethyl
pyrrole. While all pyrrole-containing compounds can
produce catalysts with high activity and productivity,
use of pyrrole and/or 2,5-dimethylpyrrole can producé a
catalyst system with enhanced activity and selectivity
to a desired trimerized product, such as, for example,
the trimerization of ethylene to l-hexene, as well as
decreased polymer production.

The metal alkyl, also referred to earlier as
an activating compound, can be any heteroleptic or .
homoleptic metal alkyl compound. One or more metal :
alkyls can be used. The ligand(s) on the metal can be
aliphatic and/or aromatic. Preferably, the ligand(s)
are any saturated or unsaturated aliphatic radical.
The metal alkyl can have any number of carbon atoms.
However, due to commercial availability and ease of
use, the metal alkyl will usually comprise less than
about 70 carbon atoms per metal'alkyl molecule and
preferably less than about 20 carbon atoms per
molecule. Preferred metal alkyls include, but are not
limited to, alkylaluminum compounds, alkylboron
compounds, alkylmagnesium compounds, alkylzinc
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oompounds:andjor'alkyllithium compounds. Exemplary
metal alkyls include, but are not limited to, n-
butyllithium, ‘s-butyllithium, t-butyllithium,
diethylmagnééium, diethylzinc, triethylaluminum,
trlmethylalumxnum, trixsobutylalumlnum, and mixtures
thereof. o
' MOsﬁ preferably, activatifig compounds are
selected from;the group consisting of non-hydrolyzed,
i.e., not preeoontacted with water, alkylaluminum
compounds, derivatives of alkylaluminum compounds,
halogenated alkylalumlnum compounds, and mixtures
thereof for: improved product selectivity, as well as
improved cata;yst system reactivity, activity, and/or
productivity;f'zxemplary compounds include, but are not
limited to, -triethylaluminum, tripropylaluminum,
trlbutylaluminum, diethylaluminum chloride,
dlethylaluminum bromide,- diethylaluminum ethoxide,
ethylaluminup_sesqulchloride, and mixtures thereof for

. best catalyéfjsystem activity and product selectivit&.

The most preferred alkylaluminum compound is -
triethylalumlnum, for best results in catalyst system
activity and product selectivity, as well as commercial
availabilitj;-

When a trimerization catalyst system is the
desired product, the activating compound must be at
least one non-hydrolyzed alkylaluminum compound,
expressed by the general formulae AlR;, AlR,X, AlRX,,
AlR,OR, AlRXQR, and/or Al.,R.X,, wherein R is an alkyl
group and Xﬁis-e halogen atom. Exemplary compounds
include, but are not limited to, triethylaluminum,
tripropylaluminum, tributylaluminum,
diethylaluminumchloride, diethylaluminumbromide,
dlethylaluminumethoxide, diethylaluminum phenoxide,
ethylalumlnumethoxychloride, and/or ethylaluminum
sesqu;chloride. Preferably, the activating compound
for a trlmerlzgtlon catalyst system is a
trialkylalg@inum compound, AlRs, for reasons given
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above; The most preferred trialkylaluminum compound is
triethylaluminum, for reasons given above.

Formation of stable and active catalyst
systems can take place in the presence of an unsatu-
rated hydrocarbon. As discussed in the previous
embodiment, an unsaturated hydroéérbon can be present
either during the initial contacting of a chromium
source, a pyrrole-containing compound and a metal
alkyl, or can be introduced directly into a trimer-
ization, oligomerization and/or polymerization reactor.
Furthermore, one or more of the olefin reactants can be
considered the unsaturated hydrocarbon.

Any unsaturated aromatic or aliphatic
hydrocarbon can be used. Preferably, an unsaturated
hydrocarbon initially is present in the reaction
mixture and most preferably, an aromatic hydrocarbon
and/or ethylene initially is present to produce a
highly active catalyst in terms of activity and
selectivity, as well as a stable catalyst system. The
unsaturated hydrocarbon can have any number of carbon
atoms per molecule. Usually, the unsaturated
hydrocarbon will comprise less than about 70 carbon
atoms per molecule, preferably less than about 20
carbon atoms per molecule, due to commercial
availability and ease of use.

The unsaturated hydrocarbon can be a gas,
liquid, or solid.  Preferably, tb effect thorough
contacting and mixing of the chrbmium salt, pyrrole-
containing compound, and metal aikyl, the unsaturated
hydrocarbon will be in a liquid ﬁnd/or dissolved state.
Exemplary unsaturated aliphatic hydrocéfbons include,
but are not limited to, ethylene, l-hexene, 1,3-
butadiene, and mixtures thereof.. .The most preferred
unsaturated aliphatic hydrocarbdh5is ethylene, since
ethylene can be a reactant durihg trimerization,
oligomerization, and/or polymerization. Exemplary
unsaturated aromatic hydrocarbons include, but are not
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limited to,;toluene, benzene, xylene, mesitylene,

hexamethylbéﬁzene, and mixtures thereof. Unsaturated

hydrocarbons

re preferred in order to improve catalyst

system stab: ,ity, as well as improve catalyst system
activity. The ‘most preferred unsaturated aromatic
hydrocarbon is toluene, for best fresultant catalyst

system stablllty and activity. — +
CIf an unsaturated aromatic hydrocarbon

added prior. to introduction of the chromium compound (s) -

to a trlmerization, oligomerization and/or
polymerxzatlon reactor, removal of, or stripping,

unsaturatediarOmatic hydrocarbon prior to introduction
of the chronium compound(s) into a reactor can improve

is

the

catalyst system activity and/or product selectivity.

Removal of. the unsaturated aromatic hydrocarbon can be

done in any manner known in the art, such as, for

example, fl"shing or evaporation. The resultant

product is a concentrated, or saturated, solution of an

inventive catalyst system.

When the unsaturated aromatic hydrocarbon is

removed priorﬁto introduction to .a reactor, the

concentrateQEfor saturated, solution of an inventive

catalyst system can be dissolved in a solvent

compatlble with the trimerization, oligomerization

+

handling tpewlnventive catalyst -system. Generally, the

-golvent isjtﬁe same as the reactor diluent. Preferred

solvents in lude, but are not Iimited to cyclohexane,

isobutane,: _ekane, pentane, andﬁmixtures thereof.

The reaction, optionally, also can take place

in the presence of a halide source. The presence of a
halide source in the reaction mlxture can increase
catalyst system activity and productlvity, as well as

increase product selectivity. Exemplary halides

include, but are not limited to fluoride, chloride,

bromide, and/or iodide. Due to ease of use and
availability,: chloride is the preferred halide.

Based
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on improvedtéotivity, productivity, and/or selectivity,
bromide is the most preferred halide.

The ‘halide source can be any compound
contalnlng a: halogen. Exemplary compounds include, but
are not 1im1ted to compounds wlth a general formula of
RX,, whereln R can be any organlc and/or inorganic
radical, X oen ‘'be a halide, selected from the group
consisting of fluoride, chloride, bromide, and/or
iodide, and m"+ n can be any number greater than 0. If
R is an organic radical, preferably R has from about 1
to about 70'oerbon atoms per radical, most preferably
from 1 to 20.-carbon atoms per radical, for best
compatlblllty and catalyst system activity. If R is an
inorganic radical, preferably R is selected from the
group conSieping of aluminum, silicon, germanium,
hydrogen, boron, lithium, tin, gallium, indium, lead,
and mixture#éthereof. Specific exemplary compounds
include, bﬁﬁfére not limited to, methylene chloride,
chloroform, benzylchloride, silicon tetrachloride, tin
(II) chlori@é,‘tin (IV) chloride, germanium
tetrachloride, boron trichloride, aluminum tribromide,
aluminum triohloride, 1,4-di-bromobutane, and/or 1~
bromobutane.

Furthermore, the ohromlum source, the metal
alkyl and/or unsaturated hydrocarbon can contain and
provide a halide to the reaction mixture. Preferably,
the halide's urce is an alkylaluminum halide and is

used in coﬁiuﬂétion with alkyleluminun compounds due to

ease of use and compatibility, ‘as well as improved
oatalyst‘sgéten activity and pﬁoduct selectivity.
Exemplary alkylaluminum halideé'include, but are not
limited to, dizsobutylaluminum chloride,
dlethylalumlnum chloride, ethylalumlnum sesquichloride,
ethylglumznum diohlorrde,_diethylaluminum bromide,
dieth&lalupinnm iocdide, and'miitures thereof.

;Wheﬁ a trimerization catalyst system is the
desired prooﬁét, preferably, the reaction mixture

Sastia
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comprises a hallde source. Furthermore, most
preferably, the hallde source is selected from the
group conszstxng of tin (IV) halldes, germanium
halides, and mixtures thereof. The halide source, most
preferably, 1s combined with the ghromlum source and
pyrrole—contalnlng compound prlor to addition of a
metal alkyl, .i e., the chromium source and pyrrole-
containing compound are pre-treated with a halide
source, to iﬁepease catalyst system productivity. :

THE*amount of each reactant used to prepare a
trimerizatien{catalyst system can be any amount
sufficient that, when combined with one or more
olefins, triﬁérization, as defined in this disclosure,
occurs. Usudilg, to prepare a trimerization catalyst
systemn, about'one mole of chromium, as the element
chromium (Cr), can be combined with about 1 to about 50
moles of pyt?ole-containing compound and about 1 to
about 75 molee of aluminum, as the element, in an
excess of unsaturated hydrocarbon. If an optional
halide source: is present, usually about 1 to about 75
moles of halide, as the element, are present.
Preferably, ?boﬁt 1 mole of chromium, calculated as the
element ch:ddiuﬁ (Cr), can be combined with about 1 to
about 15 moles of pyrrole-containing compound and about
5 to about 40 moles of aluminum, calculated as the
element alnjihuh (Al), in an excess of unsaturated
hydrocarbcn@fﬁIt an optional halide source is present,
preferably about 1 to about 30 moles of halide,
calculated as elemental halide (X), are present. Most
preferably;‘ebdht one mole of chromium, as the element
(Cr), is combined with two to four moles of pyrrole-
containing compound and 10 to 20 moles of aluminum, as
the element . (Al), in an excess ef unsaturated
hydrocarbon: If an optional halide source is present,
most preferably 2 to 15 moles of halide, as an element
(X), are present.

An excess of pyrrole-containing compound does
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not appear-tdfipprove, catalyst system activity,
productivitj} and/or selectivity. An unsaturated
hydrocarboniodﬁ'improve catalyst system stability,
activity, and or selectivity. An excess of the
unsaturated ydrocarbon can harm.catalyst systen
selectivity and/or activity. Too much alkylaluminum
can decrease:cetalyst system activity -and product
selectivity. ' Too little alkylaluminum can result in
inconmplete formation of a catalyst system, which in
turn, can result in low catalyst system activity and
increase formation of undesired polymeric by-products.
An excess of ‘an optional halide source can deactivate a
catalyst system, and therefore can result in decreased
catalyst sy "em activity. As stated earlier, presence
of a halide source can increase catalyst systenm
activity and product selectivity.

In ccordance with the fourth aspect of the
invention preferably the pyrrole~containing compound is
present in- the reaction mixture together with the metal
source prigr,tp_the introduction of the metal alkyl.

If this ordéf“of addition is followed, a better
catalyst sywtem, in terms of product selectivity and
catalyst system activity and productivity, can be
produced.

The reaction preferably occurs in the absence
of oxygen, which can deactivate the catalyst, and under
anhydrous conditions, i.e., in the initial absence of
water. Therefore a dry, inert atmosphere, such as, for
example, nitrogen and/or argon is most preferred.
Additionallg, the metal alkyl is a non-hydiolyzed metal
aliyl. TR T _

-The reaction pressure can be any pressure
which doeé£nbt adversely affect the reaction.
Generally,ﬁpreSSures within the range of from about
atmospheri pressure to about three atmospheres are
acceptablef r ease of operation atmospheric pressure
is generally ‘employed. '
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The reaction temperature can be any
temperature. - In order to effectuate a more efficient
reaction, temperatures which maintain the reaction
mixture in a-liquid_state, for reasons given above, are
preferred. ' .

The reaction time can be any amount of time

' necessary for the reaction to occuri The reaction can

be considered a dissolution process; any amount of time
which can'disﬁglve substantially all reactants is
sufficient. bepending on the reactants, as well as the
reaction temperature and pressure, reaction time can
vary. Usually, times of less than about 1 day can be
sufficient. Usually, reaction time is less than about
60 minutes. Under optimum conditions, the reaction
time can be within the range of from about 1 second to
about 15 minutes. Longer times usually provide no
additional benefit and shorter times may not allow
sufficient time for complete reaction.

A heterogeneous, i.e., supported, catalyst'
system can befprepared in accordance with the fourth
aspect of the invention in-situ in the reactor by
adding solid suppoft directly to the reactor. As
stated earlier, exemplary catalyst supports include,
but are not limited to, zeolites, inorganic oxides,
either eione:or in combination, phosphated inorganic
oxides, and mixtures thereof. Particularly preferred
are supportsfqelected from the group consisting-of .
gilica, silice—alumina, alumina;_fluorided alumina,
silated alum;na, thoria, aluminophosphate, aluminum
phosphate, phesphaﬁed silica, phosphated alumina,
silica~-titania, coprecipitated éilica/titania,
fluorided/silated alumina, and mlxtures, thereof, being
presently preferred as well as any one or more of
these supports which can contaln chromium. The
presently most preferred catalyst support, because of
the greatest trimerization activity, is
aluminophospﬁate, as disclosed in U.S. Patent
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4,364,855. In-situ preparation . of a heterogeneous
catalyst system, used in a trimerization or
oligomerization process, can dedrease undesirable
formation of polymer. '

Heterogeneous trlmerxzatlon, oligomerization,
and/or polymerization catalyst: §ystems can also be
prepared in accordance with thié.aspect of the
invention by forming a reaction mixture comprising a
chromium source, a pyrrole-containing compound, a metal
alkyl, an unsaturated hydrocarbon, and an inorgenic
oxide, as disclosed earlier. Optionally, as disclosed
earlier, a halide source can beteeded. Reaction
stoichiometries and reaction céﬁditions are the same as
those disclosed for the second embodiment of the
invention. ' _

Any excess of chromium source, in relation to
the inorganic oxide catalyst support, is sufficient.
However, usually, less than abqﬁt's grams of chromium
pyrrolide compound per gram of éatalyst support is
sufficient. Preferably, about 6}001 to about 0.01 to
0.5 gram of chromium pyrrolide compound, or chromium
source, per gram of support is used for best support
loading and most efficient use of the reagents. The
amount of chromium pyrrolide, 6ri¢hroniun source,
compound per gram of support can be expressed in
different, yet equivalent terms, such as, for example,
moles of chromium per gram of support. Usually, less
than about 8.6 x 107 moles of ch%fmlun per gram of
support is sufficient. Preferably, about 1.7 x 10’6 to
about 1.7 x 107 to 8.6 x 107 moles of chromium per granm
of support are used, for reasons; iven above.

The resultant heterogeneous catalyst system
can be collected by filtration, ‘to
catalyst system product. The s
preferably kept under a dry, 1nert'atnosphere to
maintain chemical stability and reactlvzty.

to recover a solid
d catalyst systenm is
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EP-A~417 477 desc:ibes'polymerization catalyst and cocatalyst systems,
the cocatalyst including the chromium compounds of EP-Aa-416 304.
Generally, pPolymerization catalysts systems are
considered either chromium catalysts (also known as
"phillips Catalysts") or titanium, zirconium and/or
vanadium-containing catalysts.

_ Any chromium catalyst system known in the art
can be used. Commercially available chromium catalyst
systems typically comprise chromium, at least a portion
of which is in the hexavalent state, suéported on an
inorganic oxide; optionally, the polymerization
catalyst system can further comprise a metal alkyl co-
catalyst. Exeﬁplary chromium catalyst systems include,
but are not limited to those disclosed in U.S. Patents
3,887,494; 3,900,457; 4,053,436; 4,151,122; 4,294,724;
4,392,990; and 4,405,501. ‘

Any titanium, zirconium and/or vanadium-
containing catalyst system known in the art can also be
used. Commercially available titanium, zirconium

-and/or vanadium catalyst system typically comprise

complexes of transition metal halides with -
organcmetallic compounds. Exemplary magnesium/titénium
catalysts include, but are not limited to, those
disclosed in U.S. Patents 4,394,291; 4,326,988; and
4,347,158. ' o -
The amount of novel trimerization and/or
oligomerization cocatalyst systems, including the
inventive chromium compounds used as a cocatalyst can
be any amount sufficient to generate a comonomer that
can be incorporated into the polymer product. The
chromium catalyst systems preggred by the various
aspects of the present inventidn can sexve as
cocatalets_in conjunction with the titanium, zirconium
and/or vanadium~containing ca#ilysts discussed above.
The process of the above fourth aspect of the

. '..-'.-__:g,’f.d:'\é..-'-_e.,rl‘f_.n_l-: .
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invention in combining the metal source, and pyrrole-
containing compound, and the metal alkyl, and,
preferably an unsaturated hydrocarbon, avoids the need
to isolate the first reaction product as per the
processes described in our above-mentioned
applications. Furthermore, the catalyst systems
produced by the'process of the fourth aspect of the
invention have improved. productivity and selectivity to
the desired trimerization product, for example in
producing one-hexene from ethylene.
Polymerization Reactants

Reactants applicable for use in
polyﬁerizapion with the catalyst systems and cocatalyst
systems and processes of this invention are olefinic
compounds which can polymerize, i.e., react the same or
with other olefinic compounds. Catalyst systems of the
invention can be used to polymerize at least one linear
or branched mono-l-olefin having about 2 to about 8
carbon atoms. Exemplary compounds include, but are not
limited to, ethylene, propylene, l-butene, l-pentene,
l-hexene, l-octene, and mixtures thereof.

The catalyst systems of the present invention

are also useful in oligomerization processes using

olefin compounds having from about 2 to about 30 carbon
atoms per molecule and having at least one olefinic
double bond. Exemplary mono-olefin compoundé include,
but are not limited to acyclic and cyclic olefins such
as, for example, ethylene, propylene, l-butene, 2-
butene, isobutylene, l-pentene, 2-pentene, 1l-hexene, 2-
hexene, 3-hexene, l-heptene, 2-heptene, 3-heptene, the
four normal octenes, the four ndrmal nonenés, and
mixtures of any two or more thereof. Exemplary
diolefin compounds include, but are not limited to,
1,3-butadiene, isoprene, 1,4-pentadiene, and 1,5~
hexadiene. If branched and/or cyclic olefins are used
as reactants, while not wishing to be bound by theory,
it is believed that steric hindrance could hinder the
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trimerization process. Therefore, the branched and/or
cyclic portibﬁ(s) of the olefin preferably should be
distant from the carbon-carbon double bond.

Trimerization, as used in this disclosure, is
defined as the combination of anx two, three, or more
olefins, wherein the number of olefin, i.e., double,
bonds is reduced by two. Reactants*applicable for use
in the trimerization process of this invention are
olefinic compounds which can a) self-react, i.e.,
trimerize, tg;give useful products such as, for
example, the“§elf reaction of ethylene can give one -
hexene and: the self-reaction of 1,3-butadiene can give
i, 5-cyclooctadiene. and/or b) olefinic compounds which
can react with other olefinic compounds, i.e., co~-
trimerize, to give useful products such as, for
example, co-trimerization of ethylene plus hexene can
give one deggpe_and/or l1-tetradecene, co-trimerization
: _d'l-butene gives one octene, co- '
trimerization’of 1-decene and ethylene can give 1- -
tetradecene and/or l-docosene, or co-trimerization of
1, 3-butadieﬂetand 1,5-hexadiene can give 1,5-cyclo-
octadecadiene. For example, the number of olefin bonds
in the combination of three ethylene units is.reduced
by two, to one olefin bond, in 1-hexene. In another. -
example, t@éfhnmber of olefin bonds in the combination
of two 1,345htadiene units, is reduced by two, to two
olefin honaguiﬁ_1,5-cyclooctadiene. As used herein,
the term !ﬁfime:ization" is intended to include
dimerizati&h'of'diolefins, as well as "co-
trimerization", both as defined above.

Suitable trimerizable olefin compounds are
those compounds having from about 2 to about 30 carbon
atoms per- molecule and having at least one olefinic
double bogd. Exenmplary mono-oiefin compounds include,
but are not”limited to acyclic and cyclic olefins such
as, for example, ethylene, propylene, l-butene, 2-
butene, isobutylene, l-pentene, 2-~pentene, l-hexene, 2-
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hexene, 3-hei§ne, 1-heptene, 2-heptene, 3-heptene, the
four normal bctenes, the four normal nonenes, and

mixtures of any two or more thereof. Exemplary

diolefin conbeunds include, but are not limited to,
1, 3—butadiene,.1 4-pentadiene, and 1,5-hexadiene. If
branched and/or cyclic olefins are used as reactants,
while not wishing to be bound by theory, it is believed
that steric’ hlndrance could hinder the trimerization
process. Therefore, the branched and/or cyclic
portion(s) of the olefin preferably should be distant
from the_carpgn-carbon double bond.

caﬁglyst systems produced in accordance with
this inventibn preferably are employed as trimerization
catalyst systems.

_‘ ' i Conditio

Thejreaction products, i.e., trimers and/or
polymers, can‘be prepared from the catalyst systems of
this 1nvent10n by solution reactions, slurry reactlons,
and/or gas phased reaction techniques using
conventionalhequipment and contacting processes.
Contacting oﬁ]the monomer or monomers with the catalyst
system or wiﬁh the polymerization catalyst system and
trimerizatiqn/oligomerization cocatalyst system, can be
effecteq by{iny?manner known in the art.of homogeneous
(liquid) or'ﬁeterogeneous (solid) catalyst systems.
One convenient method is to suspend the catalyst systen
: edium and to agltate the mixture to
maintain the eatalyst system in suspension throughout
the trimerization, oligomerization and/or
polymerization process. Other known contacting methods
such as fluidized bed, gravitating bed, and fixed bed
can also be employed. One convénient method with the
catalyst/cocatalyst systems is to suspend a
polymerization catalyst system in an organic medium and
to agitate the-mixture to maintain the polymerization
catalyst system in suspension throughout the
trlmerlzation and/or polymerization process. Aan
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inventive cocatalyst system can then be added. A
polymerization catalyst system and inventive cocatalyst
system, preferably, can also be fed simultaneously to a
polymerization reactor, via one or more catalyst and/or
cocatalyst system feed streams. Other contacting
methods such as fluidized bed, gravitatlng bed, and
fixed bed can also be employed with"® all these catalyst
systems. .

Reaction temperatures and pressures can be
any temperature and pressure which can trimerize,
oligomerize, and/or polymerize the olefin reactants.
Generally, reaction temperatures are within a range” of
about 0° to about 250°C. Preferably, reaction
temperatures within a range of about 60° to about
200°C. and most preferably, within a range of 80° to
150°C. are employed. Generally, reaction pressures are
within a range of about atmospheric to about 2500 psig.
Preferably, reaction pressures within a range of about
atmospheric to about 1000 psig and most preferably,
within a range of 300 to 700 psig are employed.

- Too low of a reaction temperature can produce
too much undesirable insoluble product and too high of
a temperature can cause decomposition of the catalyst
system and reaction products. Too low of a reaction
pressure can result in low catalyst system activity.
Too high of a pressure can cause production of too much
undesirable insoluble product.

optionally, hydrogen can be added to the
reactor to accelerate the react;on-and/or increase
catalyst system activity.

The catalyst systems- of this invention are
particularly suitable for use 1n trlmerlzatlon and/or
oligomerizations. The slurry process is generally
carried out in an inert diluent?(mediun), such as a
paraffin, cycloparaffin, or aromatic hydrocarbon.
Exemplary reactor diluents include, but are not limited
to, isobutane and cyclohexane. Isobutane can decrease
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the swelling*of the polymer product. However, a
homogeneous trimerization/oligomerization cocatalyst
system is more soluble in cyclohexane. Therefore, a
preferred diluent for a homogeneous trimerization or
oligomerization process is cyclohgxane and a preferred
diluent forra%heterogeneous trimerization or
oligomerization process is isobutané. When the
reactant is]predominately ethylene, a temperature in
the range of about 0° to about 300°C. generally can be
used. Preferabiy, when the reactant is predominately
ethylene, a temperature in the range of about 60° to
about 150°C.  is- “employed.
Any,amount of polymerization catalyst system
and cocatalyst system can be present in a
polymerizationfreactor, in orderfto produce a polymer
,with a desired set of optimal properties, such as, for
example, density, melt index, high load melt index and
molecular weight. Usually, up to about 40 parts by
weight of a supported, i.e., heterogeneous, cocatalyst
systen can be present for each part by weight of
polymerization catalyst system. Preferably, about 1 to
about 25 parts:cocatalyst system for each part
polymerization catalyst system,sand most preferably, 3
to 15 parts by weight cocatalyst system for each part
polymerization catalyst system are present, to produce

‘with desirable physical and processing
characteristics.'

Mg.g;.s.

The ©olefinic and/or polymeric products of
this invention ‘have establishediutility in-a wide
variety of application such as ifor example, as
monomers for use in the prepa tion of homopolymers,
copolymers, and/or terpolymer _?he polymeric products
of this invention have establ ed utility in a wide
variety of applioaton such as for example,
polyethylene

;Thegfurther understanding of the present
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invention and its advantages will be provided by
reference to the following examples.
xamples

Various, equivalent abbreviations are used
throughout the disclosure and exa:gples. Some of these
include triethylaluminum as TEA, Al(CH),: '
diethylaluminum chloride as DEAC, (Al (CH,),Cl):
chromium (IIT) 2-ethylhexanoate as Ci(EH);, CrEH, CrEH;;
hydrogen pyrrolide as pyrrole, Py, PyH, (C/HN):
chromium (III) acetylacetonate as Cr(acac);, Cracacy,
Cracac, Cr(CgH,0,)5; chromium (IXII) pyrrolide as CrPy,,
[Na(CH0,),] [Cr(C,HN);Cl(CH,0,)1, [Na(DME),]
[Cr(CH,N)5CL(DME)], [Na(DME),] [Cr(Py),Cl(DME)], Product
V, Compound V; chromium (III) chloride tris- -
tetrahydrofuran as CrCl,THF;, CrCl;(THF)y; 2,5-
dimethylpyrrole as, hydrogen 2,5-dimethylpyrrolide,
CH,N, 2,5-DMP; butene as C,=; l-hexene as 1-C,=; hexene
as C;=; octene as C,=; decene as C,=; dodecene as C,,=;
tetradecene as C,=. ’

Exapple I -
Rup 1001

0.14 g (0.29 mmol) of chromium (III) 2-
ethylhexanoate (CrEH;), [Cr(C,H,0,);], was weighed into a
25 ml pressure tube. The tube was capped with a self
sealing crown cap. 0.062 ml (0.89 mmol) pyrrole (PyH),
[C,NH;] and cyclohexane, used as a diluent, were added
via syringe to form a solution, which was about 8 ml
total volume. _

0.9 ml of a 1.1 ¥ solution (0.99 mmol) of
triethylaluminum (TEA), [Al(C,H;)3], in heptane and a
0.9 ml aliquot of the CrEH,/PyH solution were added
under a counterflow of ethylene (CP grade) to a 1 liter
autoclave reactor, containing 300 mL cyclohexane, to
form a catalyst system. The reactor was sealed and
ethylene addition stopped until the reactor temperature
reached a reaction temperature of 80°C. The ethylene
pressure was increased to a total reactor pressure of
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550 psig. Ethylene was then fed on demand for a 30
minute run time. At the end of the run, a sample of
the liquid reaction product mixture was taken and
analyzed via capillary gas chromatography. The
remaining reaction product mixture was evaporated and
the amount of solid product was determined. The
results are summarized below in Table XXIII.
- Run_1002
The procedure described in Run 1001 was
followed except 8 ml of a 1.1 M solution (8.8 mmol) of
TEA in heptane was added directiy-to the CrEH,/PyH
solution to form a solution (10 ml total volume) and
not to the reactor. A 0.7 ml aliquot of the
CrEH%/PyH/TﬁA’solution was added to the autoclave
reactor. No additional TEA was introduced into the
reactor. The results are summarized below in Table
XXIIXX.
. Run 1003
The procedure described in the Run 1002 was
followed except 0.10g (0.29 mmol) chromium (III)
acetylacetonate (Cracacs), [Cr(CgH;0,);]1, was substituted
for CrEH; and 6 ml of a 1.1 ¥ solution TEA (6.6 mmol) in
heptane was used in the formation of a Cracac,;/PyH/TEA
solution (8 ml total volume). A 1.4 ml aliquot of the
Cracac,/PyH/TEA solution was added to the autoclave
reactor. The results are summarized below in Table
XXIIX. ._
Run 1004
The procedure describéd in Run 1001 was
followed except 0.9 ml of a 1 M solution (0.9 mmél) of
diethylaluminum chloride (DEAC), [AlCl(C)H),], in
hexanes was added to the CrEHQ/?YH solution to form a
CrEH,/PyH/DEAC solution. A 0.65 ml aliquot of the
CrEH,/PyH/DEAC solution and 0.9:ml of a 1.1 M solution
(0.99 mmol) of TEA in heptane were added to the
autoclave reactor. The results are summarized below in
Table XXIII. '
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R 00 .

The procedure described in Run 1001 was
followed except 0.9 ml of a 1 M solution (0.9 mmol) of
DEAC in hexanes was added to the CrEH,/PyH solution and
the resultant CrEH,/PyH/DEAC solugion was aged for 1 day
at ambient temperature and pressdfe, under dry
nitrogen. A 0.65 ml aliquot of the“aged CrEH,/PyH/DEAC
solution + 0.9 ml of a 1.1 M solution (0.99 mmol) of
TEA in heptane were added to the autoclave reactor.

The results are summarized below in Table XXIII.
Run 1006

The procedure described in Run 1001 was
followed except a solution was prepared using 0.13 ml
pyrrole. Additionally, 1.0 ml of a 0.1 M solution (0.1
mmol) of DEAC in hexanes was added along with the TEA
to the reactor. A 0.9 ml aliquot of the CrEH,/PyH
solution was used. The results are summarized below in
Table XXIII.

Run 1007 )

The procedure described in Run 1003 was
followed except 3 ml of a 1.9 M solution (5.7 mmol) of
TEA in toluene was used and toluene was substituted for
the cyclohexane diluent in the formation of the
CrEHQ/Pyg/fEA solution. Thus, an excess of toluene was
present in the reactor. A 0.9 ml aliquot of the
CrEH,/PYH/TEA solution was used. The results are
summarized below in Table XXIII.

Run 1008

The procedure described in Run 1002 was
followed except 0.10 g of a chromium (III) pyrrolide
(CrPy;) , (Cr(CH,N);ClNa(CH,,0,) 5] (0.17 mmol) was
substituted for CrEH;, and a soLuEion was prepared using
0.04 ml (0.52 mmol) PyH and 3.5 ml of a 1.1 M TEA (3.85
mmol) in heptanes. The final séiution volume was about
5 ml. A 1.0 ml aliquot of the CrPy,/PyH/TEA solution
was used. The results are summarized below in Table
XXIII.
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Run 1009

The procedure descrlbed in Run 1008 was
followed except 1.8 ml of a 1.9 ﬁ TEA solution (3.42
mmol) in toluene was used, and toluene was substituted
for cyclohexane in the formation of the CrPy,/PyH/TEA
solution. Thus, an excess of tofuene was present in
the reactor. A 1.4 ml aliquot of the CrPy,/PYH/TEA
solution was used. The results are summarized below in
Table XXIII. '

Run 1010

The procedure described in Run 1008 was
followed except no neat PyH was added during the _
preparation of a CrPy;/TEA solution. A 1.4 ml aliquot
of the Criqg/ﬁEA solution, in cyclohexane, was used.
The results are summarized below in Table XXIII.

_ Run 1011

The procedure described in Run 1009 was
followed except no neat PyH was added during the
preparation of a CrPy,/TEA solution. A 1.4 ml aliquot
of the Cxiwg[TEA solution, in toluene, was used. Thus,
an excess of toluene was present in the reactor. The
results are summarized below in Table XXIII.



—Run
1001
1002
1003
1004§
1005
1006
1007
1008
1009
1010

1011

mg Cr

1.6
0.96
2.6
1.1
1.1
1.5
2.6
2.5
2.5
2.5

2.5

Activity

11,000
8,800
9,800

15,000

26,000

12,000
3,500
8,300
4,100
7,100

3,300

Table XXIIT

ous

Total

(elemental) (g product/ Product Wt. %
g Cr/Hr XYield. g

t

Wt.

st Svstems

Liquid Product Distribution,
Weight Percent

Ligquid §Qli§ C= 1_2&. C= S=  £4=

8.8 94
4.2 88
12.8 64
8.5 98
14.9 98
9.0 98
4.6 50
10.5 >99
5.2 99
8.9 97
4.2 98

6
12
36

50

<1

2
1
2
<1
<1

<1l

<1

<l

87
81

88

86
83
88
82

89

go*®

92*

97°.

2

3

<1

2
4
1
6
1l

o 0 o6 o

6

4

1]

o))

w

€=

-

<1l

<1

1 .

<1
<1
<1
<1
<1
<1
<1

<1

<1
<1
<1l

<1l

<1

<1

8 Total hexenes.

..'[E_
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Example II
It should be noted that the results in Table
XXIII, from Example X, and the results in Table XXIV,
from Example XI, are not directly comparable, due to
reactions conducted in different reactors, under
different conditions, by the usefOf different ethylene

and cyclohexane feedstocks, as well“as different

diluents. However, direct comparisons within each
Example can be made.
Run 2001

0.30 g (0.62 mmol) -of chromium (III) 2-
ethylhexanoate (CrEH;) (10.15:wt% Cr) was combined with
0.12 ml (1.73 mmole) of neat :pyrrole (PyH) in 10 ml of
toluene. 2.8 ml of 1.9 M triethylaluminum (TEA)
solution (5.32 mmol) in toluene was added, and the
CrEH,/PyH/TEA solution was stirred for 30 minutes under
dry nitrogen, at ambient temperature and pressure. The
dark brown CrEH,/PyH/TEA solution was filtered and
excess toluene was removed by vacuum stripping, which
resulted in 1.0 ml -of a dark brown oil, used as
catalyst system. Under a counterflow of ethylene, 0.5
ml (0.15g CrEH;;15.2 mg Cr) of the catalyst system and
4.0 ml of nonane (reactor internal standard) were added
to a 2 liter autoclave reactor at 80°C., which
contained 1.2 liters of cyclohekane. The reactor was
then pressurized with ethylene to 550 psig, and the
reaction was run for 30 minutes, with ethylene being
fed on demand.

The results are summarized below in Table
XX1Vv.

Run 2002

The procedure described in Run 2001 was
followed except diethylaluminum chloride was added in
addition to the CrEH,/PyH/TEA solution.

'0.53 g (1.10 mmol) of CrEH; (10.15 wt. % Cr)
was combined with 0.52 ml (7.5 mmole) of neat PyH in 15
ml of toluene and stirred for 5 min. 9.0 ml of a 1.9 M
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TEA solution (17.1 mmol) in toluene was added, and the
CrEH,/PyH/TEA solution was stirred overnight under dry
nitrogen at ambient temperature and pressure. Excess
toluene was removed from the resultant dark brown
solution via vacuum stripping, which resulted in 2.5 ml
of a dark brown oil. 0.5 ml (10f8mg: 0.21 mmole Cr) of
the dark brown oil was combined with 1.0 ml of a 0.87 M
(0.87 mmol) diethylaluminum chloride (DEAC) solution in
nonane, and the CrEH,/PyH/TEA/DEAC solution was stirred
overnight under dry nitrogen, at ambient temperature
and pressure. The resultant product was used as the
catalyst system. Under a counterflow of ethylene, 1.3
ml (9.4mg Cr; 0.18 mmole Cr) of the catalyst system and
4.0 ml of nonane (reactor internal standard) were
charged directly to a 2 liter reactor at 80°C., which
contained 1.2 liters of cyclohexane. The reactor was
then pressurized with ethylene to 550 psig, and the
reaction was run for 30 minutes with ethylene being fed
on demand. ' '

The results are summarized below in Table
XXIV.

Run 2003

0.33 g (0.68 mmol) of CrEH; (10.15 wt. % Cr)
was combined with 0.13 ml (1.87 mmole) of neat PyH in
10 ml of toluene and stirred 5 min. 1.9 ml of a 1 M
(1.9 mmol) DEAC solution in hexanes was added and the
CrEH,/PyH/DEAC solution was stirred for 30 minutes under
dry nitrogen, at ambient temperature and pressure,
which resulted in a light yellow/green solution. 5.1
ml of a 1.9 M (9.7 mmol) diethylaluminum chlorlde
(DEAC) solution in toluene was added, and the
CrEH,/PyH/DEAC/TEA solution was stirred for 0.5 hr,
which resulted in a dark yellow/brown solution. Excess
toluene and hexane was removed from the dark
yellow/brown CrEH,/PyH/DEAC/TEA solution via vacuum
stripping, with a dark yellow/brown oil remaining. The
yellow/brown oil was dissolved and brought to a total
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volume of 25 ml in cyclohexane and used as a catalyst
system (1.32mg Cr/ml). Under a counterflow of
ethylene, 7.0ml1l (9.2mg Cr; O. 178 mmole Cr) of the
catalyst system and 4.0 ml of nonane (reactor internal
standard) were charged directly to a 2 liter reactor at
80°C., which contained 1.2 litetéfof cyclohexane. The
reactor was then pressurized wiﬁh:ethylene to 550 psig
and the reaction was run for 30 minutes with ethylene
being fed on demand. '

The results are summarized below in Table
XX1V.

Run 2004

The procedure described in Run 2002 was
followed, except the CrEH,/PyH/TEA/DEAC solution was
diluted with cyclochexane prior to charging to the
reactor, and dihydrogen gas (H,) (50 psig) was added to
the reactor prior to pressurizing the reactor with
ethylene.

0.30 g (0.62 mmol) of CrEH; (10.15% Cr) was
combined with 0.12 ml (1.73 mmole) of neat PyH in 10 ml
of toluene. 1.7 ml of a 1 M (1.7 mmol) DEAC solution
in hexanes was added and the.CrEﬂg/PyK/DEAC solution was
stirred for 5 minutes under dry nitrogen, at ambient
temperature and pressure. 1.8 ml of a 1.9 M (3.42
mmol) TEA solution in toluene was added and the
CrEH,/PyH/DEAC/TEA solution was stirred for 30 minutes
under dry nitrogen, at ambient témperature and
pressure. The resultant dark brown solution was
filtered and excess toluene and hexanes were removed
via vacuum stripping, which regn;ted in 0.8 ml of a
dark yellow/brown oil and was ﬁ§§d as a catalyst
system. Under a counterflow of;gthylene, 0.4ml (15.2mg
Cr; 0.29 mmole Cr) of the catalyst system and 4.0 ml of
nonane (reactor internal standard) were charged
directly to the 2 liter reactor at 80°C., which
contained 1.2 liters of cyclohexane. 50 psig of .
dihydrogen (H,) gas was charged'to the reactor, followed
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by pressurization with ethylené to 550 psig. The
reaction was run for 30 minutes with ethylene being fed
on demand.

The results are summarized below in Table
XXIV. .

&

Run_ 2005
In a 500 ml Schlenk flask%*1.98 g (3.4 mmol)

of CrPy; (11.1 wt. % Cr) was combined with 40 ml of
toluene and 54 ml of a 1.9 M (102.6 mmol) TEA solution
in toluene. The resulting dark brown reaction mixture
was stirred for 1 hour under dry nitrogen, at ambient
temperature and pressure. Excess toluene was removed
via vacuum stripping, which resulted in 13 ml of a dark

~ yellow/brown oil and a small quantity of a light-

colored precipitate. The dark yellow/brown oil was
separated, collected by syringe from the precipitate,
and used as the catalyst system. 2.0 ml of the
catalyst system was diluted with 27 ml of cyclohexane
and aged for 3 days under dry nitrogen, at ambient
temperature and pressure before using.=
) Under a counterflow of ethylene, 8.0 ml
(9.3mg; 0.18 mmole Cr) of the catalyst
system/cyclohexane solution and 4.0 ml of nonane
(reactor internal standard) were charged directly to a
2 liter autoclave reactor at 80°C., which contained 1.2
liters of cyclohexane. The reactor was then
pressurized with ethylene to 550 psig and the reaction
was run for 30 minutes with ethylene being fed on
demand.

The results are summarized below in Table
XXIV. | |

Run 2006

The procedure descri?ed in Run 2005 was
followed except less reactants were used and less aging
time was used.

In a 500 ml Schlenk flask 0.25 g (0.432 mmol)
of CrPy; (11.1 wt. % Cr) was combined with 10 ml of
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toluene and w:4jml of a 1.9 M (6 46 mmol) TEA solution
“The resulting dark brown reaction mixture
was stirred fer'so minutes under dry nitrogen, at
ambient tem erature and pressure. Excess toluene was
removed v1a vaeuum stripping, which resulted in a dark
brown oil.’ All of the dark browﬁfoil was diluted to a
total volune;Qf'zs ml with cyclohexane, resulting in a
solution ceﬁtaihing 1.11 mg Cr/ml, which was used as
the catalyst system.

in toluene,

_Uﬁaerfa counterflow of ethylene, 8.0 ml (8.88
mg; O. 171;mﬁbie'Cr) of the catalyst system/cyclohexane
solution and ‘4.0 ml of nonane (reactor internal
standard) - were charged directly to a 2 liter autoclave
reactor at;ijc., which contained 1.2 liters of
' 2. - The reactor was then pressurized with
ethylene tf”sso psig and the reaction was run for 30
minutes with”ethylene being fed on demand.

The results are summarized below in Table

XXIV.
Run 2007

The procedure described in Run 2005 was
followed exeept excess toluene was present in the
trimerization reactor.

‘In a 500 ml Schlenk flask 1.98 g (3.4 mmol)
of Crpysy(i1;11yt. % Cr) was combined with 40 ml of
toluene aﬁ:'Si'ml of a 1.9 ¥ (ibz~6 mmol) TEA solution
>-The resulting dark brown reaction mixture
was stirred“for ‘1 hour under dry nitrogen, at ambient
temperature nd}pressure. Excess toluene was removed
\ tripping, which resulted in 13 ml of a dark
yellow/brown; jiiand a small ’“*ntity of a light-
colored preclpltate. The dar; ellow/brown oil was
separated ; ollected by syr1ngejfrom the precipitate,
and used: as the catalyst syst. . 2.0 ml of the
catalystfz stem was diluted with 27 ml of cyclohexane
and aged’ for tdays under dry nitrogen, -at ambient
temperatqreqand pressure before using.




10

15

20

25

30

35

- 37 -

Under a counterflow of ethylene, 0.5 ml (8.5
mg; 0.163 mmole Cr) of the catalyst system/cyclohexane
solution, 4. 5 'ml of toluene, and 4.0 ml of nonane
(reactor internal standard) were charged directly to a
2 liter autoclave reactor at 80° c., which contained 1.2
liters of cyclohexane. The reactor was then
pressurlzed ;Lth ethylene to 550 psfg and the reaction
was run for 30 minutes with ethylene being fed on
demand. _

Thefresults are summarized below in Table
XXIV. o

Run 2008

0. 28 g (0.802 mmol) of Cracacy was combined
with 0.17 nl’: (2 45 mmol) of neat pyrrole in 10 ml of
toluene and stirred under dry nitrogen, at ambient
temperature and pressure for 5 minutes. Then, 6.3 ml
of a 1.9 ¥ (12 0 mmol) TEA solution in toluene was
added. The: resultlng dark brown reaction mixture was
stirred for: 0 minutes under dry nitrogen, at ambient
temperature and pressure. Excess -toluene was removed
via vacuum_strlpplng, which resulted in a dark
yellow/brown oil. All of the dark yellow/brown oil was
diluted to”aﬁvolume of 25 ml with cYclohexane,
resulting iﬁfa solution containing 0.0112g Cracac,/ml,
which was'used as the catalyst system.

Under a counterflow of ethylene, 7.0 ml (15.2
mg: 0.293 nmole Cr) of the catalyst system/cyclohexane
solution and 4.0 ml of nonane (reactor internal
standard) were charged directly to a 2 liter autoclave
reactor - atwgo C., which contained 1.2 liters of
cyclohexaneTQ-The reactor was then pressurized with
ethylene to 550 psig and the reaction was run for 30
minutes withFethylene being fed on demand.

.The results are summarized below in Table

XXIV.

o Run 2009
~Tpe~procedure described in Run 2008 was
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followed except chromium (IIT) naphthenate was the
chromium source.

0.33 g (0.508 mmol) of CrNapth, (8.0 wt. % Cr)
was combined with 0.12 (1.73 mmol) of neat pyrrole in
10 ml1 of toluene and stirred under dry nitrogen at
ambient temperature and pressure‘for 5 minutes. Then,
4.6 ml of a 1.9 M (8.74 mmol) TEA solution in toluene
was added. The resulting dark brown reaction mixture
was stirred for 30 minutes under dry nitroéen, at
ambient temperature and pressure. Excess toluene was
removed via vacuum stripping, which resulted in a dark
yellow/brown oil. All of the dark yellow/brown oil was
diluted to a total volume of 25 ml with cyclohexane,
resulting in a solution containing 1.056 mg Cr/ml,
which was used as the catalyst system.

Under a counterflow of ethylene, 7.0 ml1 (7.39
mg; 0.142 mmole Cr) of the catalyst system/cyclohexane
solution and 4.0 ml of nonane (reactor internal
standard) were charged directly to a 2 liter autocléﬁe
reactor at 80°C., which contained 1.2 liters of '
cyclohexane. The reactor was then pressurized with
ethylene to 550 psig and the reaction was run for 30
minutes with ethylene being fed on demand.

The results are summarized below in Table
XXIV.

Run 2010

The procedure described in Run 2008 was
followed except the chromium (Ili) chloride was the
chromium source. ”:

0.41 g (1.09 mmol) of CrCl,THF; was combined
with 0.23 ml1 (3.32 mmol) of neaﬁ pyrrole in 10 ml of
toluene and stirred under dry nitrogen, at ambient
temperature and pressure for 5 ﬁinutes. Then 8.6 ml of
a 1.9 M (16.3 mmol) TEA solution in toluene was added.
The resulting dark brown reaction mixture was stirred
for 30 minutes under dry nitrogen, at ambient
temperature and pressure. Excess toluene was removed
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via vacuum stripping, which resulted in a dark
yellow/brown oil. 7.5 ml of nonane was added to the
dark yellow/brown oil and the resultant solution was
diluted to a total volume of 25 ml with cyclochexane,
resulting in a solution containing 0.0164 g
CrCl,THF,/ml. The solution was filtered and the
filtrate was used as the catalet systemn.

Under a counterflow of eth&lene, 5.0 ml
(11.38 mg; 0.219 mmole Cr) of the catalyst
system/cyclochexane/nonane solution and 2.5 ml of nonane
(reactor internal standard) were charged directly to a
2 liter autoclave reactor at 80°C., which contained 1.2
liters of cyclohexane. The reactor was then
pressurized with ethylene to 550 psig and the reaction
was run for 30 minutes with ethylene being fed on
demand.

The results are summarized below in Table
XXI1vV.

Run 2011

The procedure described in Run 2005 was
followed except excess hexene was charged to the
trimerization reactor.

In a 500 ml Schlenk flask, 1.98 g (3.4 mmol)
of CrPyy (11.1 wt. % Cr) was combined with 40 ml of
toluene and 54 ml of a 1.9 M (102.6 mmol) TEA solution
in toluene. The resulting dark brown reaction mixture
wﬁs stirred for 1 hour under dry nitrogen, at ambient
temperature and pressure. Excess toluene was removed
via vacuum stripping, which resulted in 13 ml of a dark
yellow/brown oil and a small quantity of a light-
colored precipitate. The dark yellow/brown oil was
separated, collected by syringe from the precipitate,
and used as the catalyst systéem. 2.0 ml of the
catalyst system was diluted with 27 ml of cyclohexane
and aged for 3 days under dry nitrogen, at ambient
temperature and pressure before using.

Under a counterflow of ethylene, 1.0 ml (16.9
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mg:; 0.325 mmole Cr) of the catalyst system/cyclohexane
solution, 55 ml of l-hexene, and 4.0 ml of nonane
(reactor internal standard) were charged directly to a
2 liter autoclave reactor at 80°C., which contained 1.2
liters of cyclohexane. The reactQr was then
pressurized with ethylene to 550 bsig and the reaction
was run for 30 minutes with ethylene being fed on
demand. '

.The results are summarized below in Table
XXIV.

Run 2012
. The procedure described in Run 2005 was
followed: except chromium (II) pyrrolide (Compound I)
was the chromium source.

0.30 g (about 0.85 mmol) of Compound I
(CrPy,,THF,) was combined with 10 ml of toluene and 6.7
ml of a 1.9 M (12.7 mmol) TEA solution in toluene. The
resulting dark brown reaction mixture was stirred for
30 minutes under dry nitrogen, at ambient temperature

. and pressure. Excess toluene was removed via vacuum

stripping, which resulted in a dark yellow/brown oil
and a small quantity of a light-colored precipitate.
The dark yellow/brown oil was filtered and the filtrate

.was diluted to a total volume of 25 ml with

cyclohexane, resulting in a solution containing 0.012 g
Compound I (CrPy,,THF,), which was used as the catalyst
systen.

Under a counterflow of ethylene, 7.0 ml of
the catalyst system/cyclohexane solution and 4.0 ml of
nonane (reactor internal standard) were charged
directly to a 2 liter autoclave reactor at 80°C., which
contained 1.2 liters of cyclohexa@e. The reactor was
then pressurized with ethylene to 550 psig and the
reaction was run for 30 minutes with ethylene being fed
on demand.

The results are summarized below in Table
XX1Vv.



Table XXIV

te é th Solve emnova.
Acti~

mg Cr Molar vity

(Ele~ Ratio (9§ pro- Total ' Liquid Product Distribution

mental) Cr:Py:  duct/ Product Wt. % Wt. ngg_b;__rg_wt
2001 15.2  1:3:9:0 - 4,000 30. 5_ 56 26 9 83 2 -"9" 9 5 4
2002 9.3 1:7:15.5:4 6,000 23.2 95 5 <1 88 4 2 3 <1l <1l
2003 9.2 1:3:15:3 8,300 38.5 88 12 <1 86 3 2 5 <1 <1
2004 15.2 -1:3:6:3 4,900 37.0 96 4 <1 91 2 2 3 <1l <l
2005 7.5 1:3:30:0 10,600 40.0 98 2 <1 82 9 1 7 <1l <1l
2006 7.2 1:3:15:0 10,800 38.9 97 3 <1 81 5 3 7 <1 1
2007 6.8 1:3:30:0 1,100 3.2 94 6 4 84 6 1 4 "<l <1
2008 11.8 1:3:15:0 17,000 98.9 95 5 <1 84 5 1 6 <1 <1
2009 7,4 1:3:15:0 15,700 57.8 72 28 <1 88 2 2 5 <1 <1
2010 11.4 1:3:15:0 8,000 45.3 98 2 <1l 88 4 1l 5 <1 <1
2011 13.7 1:30:0:0 4,600 31.3 - - <1l 76 11 1l 10 <1

2012 10.0 1:2:18.5:0 8,800 44.1 929 S S A 77 9 1 11 <1 1l

-'117_
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Example III
Run 3001 .

0.21g (0.601 mmol) of Cracacy was combined
with 0.12 ml (1.73 mmol) of neat pyrrole and 15 ml of
toluene. The resulting solution was stirred under dry
nitrogen, at ambient temperature and pressure for 5
minutes. Then, 6.0 ml1 of a 1.9 M (1i.4 mmol) TEA
solution in toluene was added. The resulting dark
brown reaction mixture was stirred for 5 minutes under
dry nitrogen, at ambient temperature and pressure.
Then, 2.0 g of an aluminophosphate support (0.4 P/Al
molar. ratio, activated at 700°C.), prepared in
accordance with U.S. 4,364,855 (1982), herein
incorporated by reference, was added and the resulting
slurry stirred for a period of approximately 12 hours.
The product was collected by filtration, rinsed at
least twice with 10 ml aliquots of toluene and pentane,
until no color was observed in the filtrate and vacuum
dried. The dried product was used as solid supported'
catalyst system.

A 2.1022 g aliquot of the solid catalyst
system was added under a counterflow of ethylene to a 2
liter aﬁtoclave containing 1 liter of isobutane. Prior
to the catalyst charge, 0.25 ml of a 16.5 wt% TEA
solution.in:nonane was added to the reactor, in order
to neutralize any ethylene feedstock poisons that might
be present. The reactor was sealed and ethylene
addition was stopped until the reactor temperature
reached the desired run temperature, for example 90°C.
The ethylene pressure was then increased to a total
reactor pressure of 550 psig. Ethylene was fed on
demand for a 30 minute run time. At the end of the
run, a sample of the liquid reaction product mixture
was colleéted and analyzed via gas chromatography.
The remaining reaction mixture was evaporated and the
amount of solid product was determined.

The results are summarized in Table XXV.
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PRy Run 3002
Theﬁprocedure described in Run 3001 was
followed except diethylaluminum chloride was added to

the Cracacg/PyH solution along with the TEA prior to the

alumlnophosphate inorganic oxide addltlon.

o: 21 g Cracac; (0.60 mmol) was weighed into a
30 ml screWb apped vial. 0.12 ml of PyH (1.73 mmol)
and 15 ml of toluene were added, and the resulting
solution was eapped and stirred for 5 minutes. Then,
with contidued stirring, 6 ml of a 1.9 M (11.4 mmol)
TEA solutidh in toluene was added. After the
CracacylpyH/TEk solution was stirred for 5 minutes, 2.4
ml of a 1 _"'2 4 mmol) DEAC solution in hexanes was
added and: the Cracac:,/PyH/TEA/DEAC/toluene solution was
stirred for *mxnutes. 2.0 g of an aluminophosphate
support (0.4 P/Al molar ratio, activated at 700°c.),
prepared in accordance with U.S. 4,364,855 (1982),
herein incdrﬁorated by reference, was added and the .
resulting slurry stirred for a period of approximately-
12 hours. 3The_product was collected by filtration and
rinsed wi ___t'least two 10 ml aliquots of toluene and
pentane, untillno color was observed in the filtrate,
and vacuumﬁdrled. The dried product was used as a
solid, sup'orted catalyst system. -
'.5048 g aliquot of the solid catalyst
system was added under a counterflow of ethylene to a 2
liter autoclave containlnq 1 liter of isobutane. Prior
to the catalyst charge, 3.0 ml of a 1.6 wt% TEA
solution- ifa'gnane was added in:order to neutralize any
ethylene feedstock poisons that:night be present. The
reactor was?Sealed and ethylene7addition stopped until
the reactor! temperature reached ‘the desired run
temperature, for example 90° c.' The ethylene pressure
was 1ncreased to a total reactor pressure of 550 p51g.-

time. At the end of the run, a small sample of the
liquid reaction product mixture was collected and

~

Ethylene wasfthen fed on demand for a 30 minutes run --

Cr
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analyzed via gas chromatography. The remaining
reaction mixture was evaporated and the amount of solid
product determined. Ethylene consumption was
determined by a calibrated flow meter.

The results are summarigzed below in Table
XXV. ’

Run 3003 h

The procedure described in Run 3002 was
followed except CrEH; was the chromium source and no
aromatic solvent was used during catalyst system
preparation. Also, a supported catalyst system was
prepared in-situ in the reactor.

A CrEH,/PyH solution was prepared by mixing
0.33 g (0.69 mmole) CrEH; with 0.26 ml (3.75 mmole) PyH
in 16 ml of pentane and aging for 4 days under dry
nitrogen, at ambient temperature and pressure, prior to
usage. 0.49 g of an aluminophosphate support (0.9 P/Al
molar ratio, activated at 700°C.), prepared in
accordance with U.S. 4,364,855 (1982), herein
incorporated by reference, and 2.0 ml of a 1 ¥ (2.0
mmol) TEA solution in hexanes were charged under a
counterflow of ethylene to a 2 liter autoclave reactor
at ambient temperature. Then, 1 liter of cyclohexane,
2.1 ml (4.32mg; 0.083 mmole Cr) of the CrEH,/PyH
solution, and 50 psig dihydrogen gas (H,) were charged
to the reactor.

~ The results are summarized below in Table

XXv.



Table XXV

Grams Molar Activity

catalsyt Ratio (g prod/g Total Liquid Product Distribution,

Systenm Cr:Py: catalyst/ Product Wt. £ Wt. % Weight Percent
Run Charged W_m__nﬂummiﬂsﬁ;:gﬁgﬁgﬁgwﬁ Co= Ci=
3001 2.1022 - 210 223 2 18 1 76 7 2 11 1 2
3002- 6.5048 1:3:19:4 340 87 99 1 1 82. 7 1. 8 <1l 1l
3003 0.0426% 1:5.5:22.6:0 450 224 88 12 6 61 6 5 13 2 3

a) Grams of only Cr(EH)3.charged:

mass of other catalyst system components are excluded.
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Run 4001 .

3.5 g (10 mmol) Cracacy; was weighed into a 100
ml pressure tube. A stir bar Was;placed in the tube
and the tube was capped with a self sealing crown cap.
40 ml toluene and 2.1 ml (30 mmols PYH were added via
syringe. 12 ml of a 2.5 M (30.0 mmdl) n-butyl lithium
solution in hexanes was slowly added. A precipitate
was formed, collected, and washed with one 10 ml
aliquot of toluene and two 10 ml aliquots of
cyclohexane, until no color was observed in the wash
solution. A total of 5.59 g solid was obtained. 0.5
ml of a 1.1 M (0.55 mmol) TEA solution in heptane and a.
slurry of 38 mg of the solid and cyclohexane were used
in a reaction under the conditions described in
Run 1001. _ |

The results are summarized below in Table
XXVI.

Exapmple 4002

The procedure described in Run 4001 was

followed except the solid catalyst component (88 mg

' collected) was prepared in a 25 ml pressure tube using .

0.349 g (1 mmol) Cracacs;, 5 ml toluene, 0.14 ml (2 mmol)
PyH, and 0.8 ml of a 2.5 M (2.0 mmol) n~butyl lithium
solution in hexane.

0.5 ml of a 1.1 M (0.55 mmol) TEA solution in-
heptanes and'é cyclohexane slurry containing 16 mg of
the solid were used in a reaction under the conditions
described in Run 1001.

The results are summarized below in Table
XXVI. 5

1.0 g of aluminophosphate support (0.4 P/Al
molar ratio, activated 700'c.),2§repared in accordance
with U.S. 4,364,855 (1982), herein incorporated by
reference, and an 93 mg aliquot of the solid described
in Run 4001, were weighed into a 25 ml pressure tube.
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The tube was capped. 5 ml toluene and 3 ml of a 1.9 M
(5.7 mmol) TEA solution in toluene were added to the
tube via syringe. The resulting slurry was agitated
for one day. "The solid was isolated and washed with 10
ml aliquots of to1uene and cyclohexane until no color
was observed in the wash solution.

0.5 ml of a 1.1 M (0.55 mifol) TEA solution in
heptanes and a cyclohexane slurry containing 80 mg of
the solid were used in a reaction under the conditions
described in Run 1001.

The results are summarized below in Table
XXVI.

. Run 4004

0.7 g of aluminophosphate support (0.4 P/Al
molar ratio, activated at 700°C.), prepared in
accordance with U.S. 4,364,855 (1982), herein
incorporated by reference, and an aliquot (53 mg) of
the solid described in Run 4002 were weighed into a 25
ml pressure tube. The tube was capped. '3.5 ml toluéne
and 2 ml of a 1.9 M (3.8 mmol) TEA solution in toluene
were added to the tube via syringe. The resulting
slurry was agitated for one day. The solid was
isolated and washed with 10 ml aliquots of toluene and
cyclohexane until no color was observed in the wash
solution.

0.5 ml of a 1.1 M (0.55 mmol) TEA solution in
heptane and a cyclohexane slurry containing 78 mg of
the solid were used in a reaction under the conditions
as described in Run 1001.

The results are summarized below in Table
XXVI.



Run
4001

4002
4003

4004

Table XXVI

- s Cat e

Activity :
Grams (g prod/ Total Liquid Product Distribution,
catalyst g Cat/ Product Wt. § Wt. % Weight Percent .
Charged ___hx)  Yield. d Ligquid So C= 1=C= C= GC= Co= Cp= Su=
0.038 95 1.8 86 14 4 81 5 3 4 <1 <1l
0.016 540 4.3 ' 82 i8 3 83 5 3 4 <1 <1
0.080 110 4.3 . 89 11 1 79 5 3 5 2 1
0.078 310 12.2 84 16 1l 78 6 2 8 1 1

LA

- 8% -
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Example V
Run 5001

0.17 g chromium (III) 2,2,6,6-tetramethyl-
3,5-heptanedionate (Cr(III)TMHD) (0.28 mmol) was
weighed into a 25 ml pressure tube. The tube was
capped with a self sealing crown cap. 0.06ml of
pyrrole (0.89 mmol) and 0.17 ml of ﬂ?at (0.87 mmol)
diisobutylaluminum chloride (DiBAlCL) were added via
syfinge to form a Cr(III)TMHD/DiBA1Cl/Py solution,
which was diluted to a total volume of about 8 ml with
cyclohexane. 0.25 ml of a 1.1 M (0.28 mmol) TEA
solution in heptane and 0.75 ml of the
Cr(III)TMHD/DiBAlCl/Py solution were added to a glass
bottle containing 100 ml of cyclohexane and 10 g of
butadiene. The glass bottle was placed in a controlled
temperature bath at 70°C., at ambient pressure, and
agitated for a period of 16 hours. After 16 hours, a
small sample of the liquid reaction product mixture was
collected and analyzed via gas chromatography. The
remaining liquid reaction product mixture was
evaporated and the amount of solid product was

‘determined.

The results are summarized below in Table

XXVII.
' Run_5002

The procedure describe§ in Run 5001 was
followed except no excess alkyl éluminum compound was
present in the reactor and the é?talet was derived
using the procedure described in Run 3001, as follows.

0.21 g (0.601 mmol) of Cracac; was combined
with 0.12 ml (1.73 mmol) of neat pyrrole and 15 ml of
toluene. The resulting solution%was stirred under dry
nitrogen, at ambient temperature: and pressure for 5
minutes. Then, 6.0 ml of a 1.9 M (11.4 mmol) TEA
solution in toluene was added. . The resulting dark
brown reaction mixture was stirred for S minutes under
dry nitrogen, at ambient temperature and pressure.
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Then, 2.0 g of an aluminophosphate support (0.4 P/Al
molar ratio, activated at 700°C.) prepared in
accordance with U.S. 4,364,855 (1982), herein
incorporated by reference, was added and the resulting
slurry stirred for a period of approximatély 12 hours.
The product was collected by filtfation, rinsed at
least twice with 10 mL aligquots of toluene and pentane,
until no color was observed in the filtrate and vacuum
dried. The dried product was used as a solid,
supported catalyst system.

A 0.28 g catalyst charge was used in the
butadiene reaction.

The results are summarized below in Table

XXVII.
Table XXVII
Butadjene Reactijon
Run % Butadiene .
Conversion Distribution of Products, Weight %
to Products 1,5-Cvclooctadjene Other Liquids Solid
5001 97 91.9 | 0.3 7.8
5002 68 60.8 2.5 36.7
Example VI

In the following Runs, all catalyst systems
were prepared in a glove box, under dfy nitrogen at
ambient temperature and pressure. Transition metal
compounds were weighed and combined with three (3)
equivalents, (0.062) ml, pyrrole; 2 ml cyclohexane, as
a solvent; and 6 nml of a 1.1 uiéolution of
triethylaluminum (TEA) in heptane. The resulting
product was shaken for times ranging from 5 minutes to
16 hours.

All runs were carried out in a 1 liter
autoclave reactor containing 300 ml cyclohexane. 1.0
ml of the liquid catalyst sysﬁeﬁs were diluted in
cyclohexane and were added to the reactor under a
counterflow of ethylene (CP grade). The reactor was
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sealed and ethylene addition stopped until the reactor

temperature reached a reaction temperature-of 80°C.

The ethylene pressure was increased to a total reactor

pressure of 550 psig. Ethylené'was fed on demand for a
30 minute run time. If necessary heat was applied to

maintain a reactor temperature of 80°C.

At the end of each run, a sample of the
liquid reaction product mixture was taken and analyzed
via capillary gas chromatography, on a HP-5880 gas
chromatograph equipped with an FID detector and a 60
meter DB-1 column, with a 0.25 mm ID and a 0.25u film.
The gas chromatograph was ramped from 40°C. to 275°C.
at a rate of 10°C./min, with a 20 minute hold time.
Cyclohexane was used as an internal standard. The
remaining reaction product mixture was evaporated and
the amount of solid product produced was determined.

The results are given in Table XXVIII.




" Table XXVIII

Cata-~
Grams, lyst Activity, Liquid
Metal Systea Grams (g product/ Grams, Weight Weight Product Distributionm,
Hetal Com~ Appear-  Catalyst g catalyst/ total Percent Percent Weight Percent

Run  Compound pound ance =  Charged hr,) = Prod. Liquid Solid Ca= 1Ce= Ce= C4= Cy =

dark
brown
solution
sone
6001 Ni(acac), 0.075 solids 0.0094 324 1.52 95.4 4.6 4 65 4 7 9

dark
) brown .
6002 Ni(napth), 0.285 solution 0.0356 8 0.14 29.5 70.5 74 0 . 0. 4 0

brown
solution,
- . dark
6003 Co(acac), 0.075 solid 0.0094 59 0.28 78.5 21.5 7Y 13 0 1 1

brown- Lo
green
6004 M¥n(acac), 0.073 solution 0.009)1 18 0.08 .27.7 72.3 54 0 0 6 0

. brown .
6005 Mn(acac), 0.102 -‘solution 0.0128 12 0.08 23.7 76.3 50 0 0 0 0

dark
green . . :
6006 Cu(acac), 0.076 solutipn 0.0095 97 0.46 89.2 10.8 5 0 0 0 0

_Zg_




6007

6008

6009

6010

Metal
Compound

HoO,(acac),
TiO(acac),
V0(acac),

Zr(acac),

Grams,
Metal
Com~

pound

0.095
0.075
0.077

Ov 141

Cata-
lyst
System
Appearx-~

ance

green/
red
solution
sone
golid

Table XXVIII Cont.

Activity,
Grams (g product/
Catalyst g catalyst/
Charged hr.)
0.0119 16
0.0094 222
0.0096 115,
0.0176 29

Grais,
total
Prod.

0.10

lloa

 0.56

0.26

Weight

Liquid

47.7
71.2
56.8

26.8

Weight
Percent Percent
Solid

52.3

28.8
43.2

73.2

Liquid
Product Distribution,
Weight Percent
Ca= 1Ce= Ce= C4= Cy o=

41 0 0 34 §

11 48 7 8 20

15 S0 33 16 2

_Es_
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The data in Table XXVIII show that other
metal compounds can trimerize, oligomerize, and/or
polymerize l-olefins. Of these metal compounds,
Ni(acac),, Run 6001, showed the best activity and
selectivity toward trimerization.,

In the following Example, ‘Runs 7001-7005
demonstrate the effect of hydrolyzing the metal alkyl
prior to use and the effect of the presence and absence
of a pyrrole-containing compound. Runs 7006~7009
compared to Runs 7010-7013 demonstrate the effect of
preparation of a catalyst system in an unsaturated
hydrocarbon. '

Runs 7001-70035

In Runs 7001-7005, the molar ratio of
elemental chromium to elemental aluminum to ligand
(Cr:Al:L), the catalyst components added to the reactor
are 1:30:10. In Runs 7001-7003, the chromium compound
was Cr(EH); and the chromium compound in Runs 7004 and
7005 was: Cr(Py);. The aluminum compound was -
triisobutylaluminum (Al(i-Bu);) and was treated in the
following manner. To an approximately ten percent, by
weight, solution of triisobutylaluminum in heptane was
added 1.0 mole equivalent of distilled water, steadily,
but in one batch, while cooling the flask containing
the solution with ice water to maintain a temperature
of about 10 to about 20°C. The solution was stirred
vigorouély during and after water addition and
continued until no further gas evolution was observed.
The ligand was dimethoxyethane (DME).

Runs 7001-7005 were carried out in a 2 liter
autoclave reactor. The chromiuﬁ compound was dissolved
in 400-500 ml anhydrous n-heptane and added to the
reactor, under a dry nitrogen purge. Then the
appropriate volume of a stirred, treated 0.31 M
solution of i-Al(Bu); in heptane, as described above,
was added. Then, the appropriate volume of DME was
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?added, along:w1th 5 ml of nonane (rector internal

standard). The reactor was sealed and brought to a
temperature of 80 C. in Run 7001 and 95°C. in Runs
7002-7005 - and:a pressure of 550 psig with ethylene.

- Ethylene waS"fed on demand for a run time of 25 minutes
. in Run 7001,:

30 minutes in Run 7002 and 45 minutes in
Runs 7003-7005. *

At the end of each run, a sample of the
liquid reactlon product mixture was taken and analyzed
via caplllary gas chromatography, on a HP-5800 gas
chromatograpn,equlpped with an FID detector and a 60
meter DB-l'column, with a 0.25 mm ID and a 0.25u film.
The gas chromatograph was ramped from 40°C. to 275°C.
at a rate of 10 'C./min, with a 20 minute hold time.
The remalnlng reaction product mixture was evaporated
and the amount of solid product produced was
determlned.,;

The catalyst systems used in Runs 7006-7013
were prepared_according to the following procedures.
Catalyst: systems in Runs 7006-7009 were prepared in the
presence . o toluene, an unsaturated aromatic
hydrocarbon.L Catalyst systems in Runs 7010~7013 were

prepared in the presence of l-hexene, an unsaturated
aliphatic hydrocarbon.
Sl Run 7006
.3'.'-.7_-25;9 of [Na(DME),] [CrCl(Py),DME] was
combined withiso_ml toluene. 51owly, 26.4 ml of neat
(93%) TEA was_wdded and stirred" for 30 minutes. The
slurry turned dark brown. Excess solvent was removed
by vacuum, resulting in a dark yellow1sh/brown oil and
solid. About: 70 ml cyclohexane was added. The
resultant. product was filtered and the filtrate was
diluted to-:200 ml with cyclohexane and 8.0 ml were
charged to the reactor. The product contained 1.67 mg
Cr/ml. o |
. Run 7007 . .
-0.35.g of chromium(III) ethylhexanoate (CrEH;)
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was combined with about 15 ml of toluene, forming a
deep green solution. 0.22 ml of 2,5-dimethylpyrrole
(2,5-DMP) and 0.20 ml of 1-bromobutane were added.
Slowly, 5.7 ml of 1.9 M TEA solution in toluene was
added and stirred for 30 minuteS-to give a greenish,
brown solution and a solid. Excess solvent was removed
by vacuum and the liquid was extractéd into about 15 ml
cyclohexane. The resultant product was filtered and
the filtrate was diluted to 25 ml with cyclbhexane to
form a golden colored solution, of which 7.0 ml were
charged to the reactor. The product contained 0.014 g
CrEH,/ml. o
Run 7008

The procedure described in Run 7007 was
followed, except 0.22g CrEH, and 0.13 ml of 2,5~-DMP were
used. Furthermore, 0.10 ml of GeCl, were substituted
for the 1-bromobutane. 3.4 ml of 1.9 M TEA solution in
toluene was added to give a brown to brown/yellow
solution and a precipitate. The final product after
filtration and dilution to 25 ml with cyclohexane, was
a bright gold-yellow color and contained 0.0088g
CrEHy/ml. 3.0 ml were charged to the reactor.

Run_7009

2.070 g of CrPy,Cl was added to 70 ml toluene
and 62 ml of 1.9 M TEA solution in toluene, mixed and
filtered. The filtrate volume was reduced to about 20
ml by a dynamic vacuum. The viscous brown solution was
filtered again. Then, about 303@1 of pentane was added
to the filtrate. After about one day, the solution was
vacuum stripped of excess solveﬂt. Then 38.1 g of
alumino-phosphate (P/Al molar r@ﬁio of 0.9, activation
at 700°C.), prepared in accordance with U.S. 4,364,855
were added. The slurry wvas stiﬁred about 30 hours.
The solid was collected by filtf@tion and washed
separately with toluene, cyclohexane and pentane.
0.4388 g of the solid catalyst system were charged to
the reactor. '
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o Run 7010
0.21 g of [Na(DME),] [CrCl(Py),DME] was
combined with“about 15 ml l-hexene. Slowly, 0.75 ml of
neat (93%) TEA was added, forming a brown solution and
a stlcky-looklng precipitate, and stirred for 30
minutes. Excess solvent was removed by vacuum. The
residue was: extracted into about 15 @l cyclohexane,
filtered and the filtrate was diluted to 25 ml with
cyclohexane.; 8. 0 ml (0.067 g) were charged to the
reactor. |
Run 7011
The procedure described in Run 7010 was
followed, egdept the final catalyst system, in
cyclohexaﬁe@?was aged for about 24 hours prior to use.
8.0 ml (o.oéj g) were charged to the reactor.
0.26 g of CrEH; was dissolved in about 15 ml
l1-hexene. 5b315 ml of 2,5-DMP and 0.13 ml of 1-

-bromobutanefﬁere added. Slowly, 1.0 ml of neat (93%f

TEA was addeq and stirred for 30 minutes. Excess
solvent wasﬁieﬁoved by vacuum and the liquid was
extracted ihﬁbiabout 15 ml cyclohexane. The resultant
product waaﬁfiltered and the filtrate was diluted to 25
ml with qydibhexane. 7.0 ml were charged to the
reactor. -

- Rupn 70313

0.21 g [Na(DME),] [CrcCl(Py);DME] was combined
with about 15 ml l1-hexane. Slowly, 1.0 ml of neat
(93%) TEA was added, forming a dark brown solution and
precipitate, and stirred for about 1 hour. “The
solution was decanted off and added to 1.5 g of
aluminophoSbhate (P/Al molar ratio of 0.4, activation
at 700'c.),;pgepared in accordance with U.S. 4,364,855,
were added. ‘ \

wne-eupported catalyst system was collected
by filtratiqnlfwashed with l-hexene and dried under a
nitrogen pﬁggq, 0.6328 g of the solid catalyst system
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were charged to the reactor.
_ Runs 7006-7013 were carried out in a 1.2
liter autoclave reactor, containing cyclohexane. The
heterogeneous, dried, supported catalyst systems (Runs

7009 and 7013) were slurried in cyclohexane to
facilitate addition to the polyme%ization reactor, and

- were added to the polymerization reactor under a

counterflow of ethylene- (CP grade). The homogeneous,
liquid, unsupported catalyst systems (Runs 7006-7008
and 7010-7012) were diluted in cylcohexane and were
added to the polymerization reactor under a counter-
flow of ethylene (CP grade). The reactor was sealed
and ethylene addition stopped until the reactor
temperature reached a reaction temperature of 80°C.
The ethylene pressure was increased to a total reactor
pressure of 550 psig. Ethylene was then fed on demand
for a 30 minute run time. At the end of the run, a
sample of the liquid reaction product mixture was taken
and analyzed via capillary gas chromatography, on a HP-
5880 gas chromatograph equipped with an FID detector.
The column was a 60 meter DB-1 column with a 0.25 mm ID
and a 0.25s film. The gas chromatograph was ramped
from 40°C. to 275°C. at a rate of 10°C./min, with a 20
minute hold time. The remaining reaction product
mixture was evaporated and the amount of solid product
produced was determined.

The results of the reactions are in Table
XXIX, below.



mg Cr
Catalyst (elemental)
Run _System Charged

7001 Cr(EH),,

H,0 37.6

7002®) cr(Em),,
DME, i-
Al(Bu),/
H,0 37.6

7003 Cx(EH),,
DME, i-
Al(Bu),/
H,0 13.2

7004  Crx(Py),‘®
. DME, i-
Al(Bu),/
H,0 13.5

7005  Cx(Py), %)
DME, i-
Al(Bu),/
H,0 38.7

7006 CxCl(Py),,
: DME, TEA 13.5

7007 Cr(EH),,
25 DMP,
TEA,
n-BuBr 9.9

Activity, Grams,
g8 product/ Total

g Cr/bxr  Products
430 6.8
3,100 59.1
4,000 39.7
83 - -8.3
520 15.0
7;aoo 52.6
25,300 126.8

Weight Weight
Percent Percent
Liquid Solid
47 53
16 84
64 36
87 13
76 24
99.4 0.6
99.2 0.8

Table XXIX

Liquid
Molar Product Distribution,
Ratios Weight Percent

cx/N/AYL®) GE1-Ce= Co= C

1/0/30/10 1 94 <1
1/0/30/10 1 94 1
1/0/30/10 1 95 <1
1/0/30/10 1 83 6
Ry
1/0/30/10 2 80 4
1/3/30/0 <1 82 10

Cs= Cie=
4 <1
1 2
2 1
T 7
2 '6.
1 7

1/3/15/2.5 <1 92 2 <1 5




Table XXIX Cont.
. Liquid
mg Cr Activity, Grams, Weight Weight Molar Product Distribution,
Catalyst (elemental) g product/ Total Percent Percent Ratios (a) Weight Percent
Run _System Chaxged & Cx/hr Products Liguid _Solid Cr/N/Al/L'® GC,= 1-Cs= Cs= Cp= C, 4=

7008 Cx(EH),,

25 DMP,
TEA, : : :
GeCl, 2.7 66,400 87.7 99.9 0.1 1/3/15/2.5 <1 98 <1 <1 <1
7009 CxCl(Py),,
DME, d
0.9 P/A1 0.397g 69 14.0 97.1 2.9 1/3/30/0 <1 87 7 1 3
Catalyst
7010 CrCl(Py),,
DME, TEA 6 5,200 16.3 96.3 3.7 1/3/15/0 16 5§ 2 12 8
7011 CrCl(Py),, ) '
DME, TEA 6 5,070 15.9 96.2 3.8 1/3/15/0 15 55 2 12 8
7012 c:r(E!l);,
2,5 DMP,
TEA,
n-BuBr 7.4 10,200 38.9 96.7 3.3 1/3/15/0 3 74 3 2 12
7013  CrCl(Py),, @
DME, TEA, d
0.4 P/A1  0.6328g 34 19.0 56.8 43.2 1/3/15/2.5 9 45 3 10 10
Catalyst "

a)

N is nitrogen containing compound, i.e., pyrrole-containing compound; L is ligand.
b) '

Reactor plugged with solids.
) crC1(Py), is equivalentr to Cx(Py),, both of which are
(Na(DME),] {CrCl(Py),DME]. ' .

d) Activity iz in units of g productlg-catalyat}hr.

_09—
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The data in Table XXIX shows that the

presence of water (Runs 7001-7005) is detrimental to

the formation of liquids, such as for example, 1-
hexene. In fact, water in the reactor results in high
solids formation. . _

Runs 7006-7013 show thaE catalyst systems
prepared in the presence of anyjunsaturated hydrocarbon
are effective toward trimerization. "However,
comparison of Runs 7006-7009, prepared in toluene, with
Runs 7010-7013, prepared in l-hexene, show that an
unsaturated aromatic hydrocarbon is the preferred
catalyst system preparation medium. |

.- Example VIII

The following Example, Runs 8001-8017,
demonstrates the effect of varying the pyrrole
compound, halogen, and metal additive used.

' Catalyst systems used in Runs 8001-8017 were
all prepared in the same general procedure. In a
typical preparation, chromium(IIi) 2-ethylhexanoate was
dissolved in toluene. Next, 3 equivalents of 2,5-
dimethylpyrrole (or hydrogen pyrrolide for Runs 8014-

8017) was added to the solution. The desired amount of

halide additive (2 to 3 molar equivalents) was then
added, followed by 15 molar equivalents of
triethylaluminum (TEA). The reggtion mixture was.
stirred for 5-10 minutes and tdinene was removed under
vacuum. The liquid residue was diluted to a total
volume of 10 ml with cyclohexane and an aliquot was
charged to the reactor as the catalyst systen.

The trimerization reaction runs were carried
out in a 2-liter autoclave polymerlzation reactor
containing 1.2 liters of 85% cyclohexane as the reactor
diluent. catalyst system was chrged to the reactor
followed by addition of cyclohexane. The reactor
temperature was brought to 80°C. at which point
ethylene was introduced. The préssure was maintained
at 550 psig with ethylene fed on demand. Each reaction
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was run for 30 minutes before shutting off ethylene.
Samples were taken at the end of the run and analyzed
by gas chromatography, as described in other examples.

_ The results of the Runs and analyses are
given in Table XXX.

U
[

o



Table XXX

Liquid Product

Molar A_c.tivity,a Total Distribution, Weight

ag Cr Ratio g liquid/g Prod. Wt. X Wt. % Percent
Run Additive Charged Cr/Py/TEA/Add _Cr/hour Grams Liquid Solid- C,= 1-Ce= Ce= _C,= C,,=
8001  Nome 13.7 1/3/15/0 4700  33.7 95 5 30 43 6 5 13
8002  DEAC 4.2 1/3/15/3 16800 121.2 99 1 <1 86 3 1 8
8003  DEAB 6.6 . -1/3/15/3 1800 61.5 98 2 <1 93 2 <1 &
8004  DEA1-I 13.7 1/3/15/3 630 5.0 86 14 4 72 8 12
8005  n-BuCl 6.8 1/3/15/3 6300  21.9 98 2 18 52 7 16
8006  n-BuBr 6.9 1/3/15/2.5 27500  95.0 >99 <1 <1 91 2 <
8007  n-BuBr 9.9 1/3/15/2.5 25300 126.8 >99 <1 <1 92 2 <«
8008  n-Bul 6.1 1/3/15/3 2000 7.2 85 15 - 4 71 7 2 14
8009  Me,SiCl 14.6 1/3/15/3 3600  26.9 97 3 16 57 6 4 14
8010  Me,SiBr 6.6 1/3/15/3 14000  46.6  >99 <Y <1 86 4 <1
8011  GeCl, 6.6 1/3/15/2 55000 181.7  >99 <1 <1 96 <1 <1
8012  GeCl, 2.7 1/3/15/2 66400 87.7 >99 <1 <1 98 <1 <1"°<1
8013  SnC1, 6.9 1/3/15/2 . 40600 140.4 >99 <1 <1 96 <1 » <1
8014  DEAC 10.8 1/3/15/2.5 6900  38.5 96 4 <1 87 4 2 s
8015  DEAB 10.8 1/3/15/2.5 2600  14.3 97 -3 <1 89 3
8016  DEAL-I 10.8 1/3/15/2.5 70 0.4 44 56 19 60 63 4
8017  GeCl, 10.8 1/3/15/2.5 3300  19.0 9% 6 <1 95 21 2

_Eg_

) Based on grams liquid product onmly.
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The data in Table XXX show that the
selectivity towards l-hexene increases in the order
I<Cl<Br. The bromine-containing additives consistently
have the highest selectivity for the formation of 1-
hexene compared to the correspondgng chloride or iodide
additive. The increased production of l-hexene also
means that less byproducts (C,=, Cg= : and C,;=) are being
formed. The ratio of 1l-hexene to infernal hexenes also
tends to increase in the order I<Cl<Br. Thus, the use
of halides leads not only to more product, but a
cleaner trimer product as well. The activity of the
catalyst system increases in the order I<<Cl,Br.
However, the activity between Br and Cl analogues
appear to be unpredictable. For some additives (SnX,,
and AlX,SiX) the Br is more active.

The data in Table XXX also show that the
trend in selectivity to l-hexene and activity can .be
extended to catalysts containing other pyrroles, as
shown in Runs 8014-8017. |

Overall, the best combination of activity and
selectivity is obtained using GeCl, or SnCl, as the
halide additives. However, it has been shown that the
selectivity towards l-hexene is also affected by the
ratio of halide additive to triethylaluminum, making it
possible to obtain high selectivity from other halide
additives.

In the following Example, Runs 9001-9004
demonstrate that excess unsaturated aromatic
hydrocarbon can be detrimental to trimerization and/or
oligomerization. Thus, when a catalyst system is
prepared in the presence of an aromatic hydrocarbon,
such as, for example, toluene, removal of excess
aromatic hydrocarbon is preferred. The resulting
liquid is then extracted or dissolved into a desired
solvent, such as, for example cyclohexane or heptane.
While not wishing to be bound by theory, it is believed
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that an aromatic hydrocarbon can cosipete with a monomer
to be trimerized and/or oligomerized, such as, for

example, ethylene, for an active site of the catalyst
system. Thus, it is believed that this competition can

inhibit catalyst system activity.

The catalyst system used in Runs 9001-9004
was prepared using 1.35 g of chromium(III) 2-
ethylhexanoate dissolved in toluene. Next, 0.86 mL
(3.2 molar equivalents) of 2,5-dimethylpyrrole was
added to the solution. Then 0.90 mL (3.2 molar
equivalents) of n-butylbromide was added, followed by
7.60 mL (21 molar equivalents) of 93% triethylaluminum.
The mixture was stirred for 5-10 minutes and toluene
was removed under vacuum. The liquid residue was
dissolved into 30 mL of cyclohexane, filtered, and then

~ diluted to a total volume of 50 mL with additional
‘cyclohexane. Four (4) mlL of this solution was charged

along with the desired amount of anhydrous, degassed
toluene (0, 5, 10 or 15 mL) to the reactor. ’

The trimerization reaction runs were carried
out in a 2-liter autoclave polymerization reactor
containing 1.2 liters of 85% cyclohexane as the reactor
diluent. Catalyst system was charged to the reactor
followed by addition of cyclohexane. The reactor
temperature was brought to 80°C. at which point
ethylene'was introduced. The pressure was maintained
at 550 psig with ethylene fed on demand. Each reaction
was run for 30 minutes before shutting off ethylene.
The total amount of ethylene consumed, i.e., fed, was
measured.

The results of Runs 9001-9004 are given in
Table XXXI.
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Table XXXI
Effect of Aromatic Hvdrocarbons
- on Catalyst System Activity '

Ethylene
Toluene Consuned
Toluene Added, 1 After 30 mins®,
Run_ Added, ml Volume $® - g
9001 (4] 0.00 . 184
9002 5 T 0.42 160
9003 10 0.83 : 127
5004 15 1.25. ‘ 109

2 Based on total value of reactor diluent.
) Not adjusted for solubility of ethylene in
cyclohexane. .

The data in Table XXXI show that the presence
of an aromatic hydrocarbon, i.e., toluene, can result
in a significant decrease in the activity of the
catalyst system, as measured by ethylene consumption.
This decrease is proportional to the amount of aromatic
hydrocarbon added to the reactor.
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cC LA MS
1. A process to prepare a catalyst system comprising
combining a metal source, a pyrrole-containing compound and
a metal alkyl in a mutual solvent without a preliminary
reaction step between the metal source and the pyrrole-
containing compound in the presence of an electron donor
solvent.
2. A process according to cfaim 1, in which an
unsaturated hydrocarbon is'also_combined, said unsaturated
hydrocarbon optionally providing the mutual solvent, said
unsaturated hydrocarbon preferably being an aromatic or

‘aliphatic hydrocarbon having less than about 70 carbon

atoms per molecule.

3. A process according to claim 2, wherein said
unsaturated hydrocarbon is an aromatic hydrocarbon having
less than about 20 carbon atoms per molecule,.for example,
toluene, benzene, xylene, mesitylene, or hexamethylbenzene.
4. A process according to claim 2 or 3, which
includes stripping excess unsaturated aromatic hydrocarbon .
from the resulting catalyst system.

5. A process according to claim 2, wherein said
unsaturated hydrocarbon is ethylene.

6. A process according to ahy one of the preceding
claims, wherein said metal source is a chromium, nickel,
cobalt, iron, molybdenum, or copper compound, preferably a
chromium compound.

7. A process according to any one of the preceding
claims, wherein said pyrrole-containing compound is pyrrole
or 2,5-dimethylpyrrolide. '

8. A process according to any one of the preceding
claims, wherein the metal of the metal alkyl is aluminum,
lithium, magnesium, or zinc.

9. A process according to glaim 8, wherein said
metal alkyl is an aluminum alkyl, -particularly a trialkyl
aluminum compound, such as trlethyl aluminum.

10. A process according to any one of the preceding
claims, in which a support is incorporated into the
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catalyst system, said support preferably being an 1norganic

oxide, such as silica, silica-alumina, alumina, fluorided
alumina, silated alumina, theoria, aluminophosphate,
aluminum phosphate, phosphated silica, phosphated alumina,
silica-titania, coprecipitated silica/titania,
fluorided/silated alumina, or a mixture thereof.

11. A process according to any one of the preceding
claims, which includes adding a halide source, particularly
a chloride or bromide or a mixture thereof.

12. A process according to claim’ 11, wherein said
halide is provided by a compound having a formula of RX ,
wherein R is an organic or inorganic radical, X is a
halide, and the sum of m plus n is any number greater

than 0.

13. A process according to claim 12, wherein R is
aluminum, silica, germanium, hydroggn, boron,.lithium, tin,

gallium, indium, lead, or a mixture thereof, preferably

tin, germanium, or a mixture thereof.

14. A process according to any one of the preceding
claims, in which the resulting catalyst system has a
relative ratio of:

{a) about.1 mole of the metal of the metal
source; . :
(b) about 1 to about 15 moles of the pyrrole-
containing compound; '

(c) about 5 to about 40 moles of the metal
alkyl; and, if present; _

(d) about 1 to about 30 moles of the halide.

15. A process according to any one of the preéeding
claims, which is carried out in the absence of oxygen and
water.

1s6. A process according to any one of the preceding
claims, wherein the metal source and the pyrrole-containing
compound are combined prior to the addition of the metal
alkyl.

17. A process to prepare a catalyst system comprising
reacting a mixture of:

(a) "a metal salt, preferably a chromium salt;

(b) pyrrole or a substituted pyrrole; and
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(c) an electron pair donor solvent: and, if

desired, reacting the resulting reaction product with an
unsaturated hydrocarbon.

18. A process to prepare a catalyst system comprising
reacting a mixture of:

(a) a salt of a metal other than chromium
(preferably nickel, cobalt, iron, molybdenum, or copper):

(b) a metal amide; and *

(c) an electron pair donor solvent; and, if
desired, reacting the resulting reaction product with an
unsaturated hydrocarbon.

19. A process to prepare a catalyst system comprising
: reacting a mixture of:
si (a) a metal salt:;
(b) a metal amide; and
(c) an electron pair donor solvent; and reacting
the resulting reacﬁion.product with an unsaturated
aliphatic hydrocarbon, preferably ethylene.
20. A process according to any one of the preceding
claims, which comprises admixing the catalyst system
prepared as a cocatalyst system with a polymerization
catalyst system, said polymerization catalyst system -
- preferably comprising a chromium-, titanium-, zirconium-
and/or vanadium-containing catalyst.
21. A process to trimerize, oligomerize or polymerize
N an olefin compound which comprises carrying out said
“ trimerization, oligomerization or polymerization in the
presence of a catalyst system or catalyst/cocatalyst system
prepared by a process according to any one of the preceding
claims. . '
22. A process according to claim 21, wherein said
olefin compound has from about 2 to about 30 carbon atoms
‘per molecule and at least 1 olefinic double bond, said
olefin compound is ethylene, l-butene, l-hexene, 1,3~
butadiene, or a mixture thereof.
23. A process according to claim 21 or 22, in which
an unsaturated hydrocarbon is combined to prepare the
catalyst system but is first introduced during the
trimerization, oligomerization or polymerization process.
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. 24. A process according to claim 23, in which the

‘unsaturated hydrocarbon used to Prepare the catalyst system

is an unsaturated aliphatic hydrocarbon also acting as the

olefin compound which is trimerized, oligomerized or
polymerized.
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